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I. INTRODUCTION
A. BACKGROUND

In the past few years the populari.y of millimeter-wave
systems has been steadily increasing. Small physical dimen-
sions, low power requirements and large bandwidths have
allowed the advent of millimeter-wave systems in many areas
of electronics including communications, computer 1links,
medicine, radar and radio astroﬁomy.

With increased system demand comes the need to test
components of millimeter-wave systems quickly and
accurately. In the past computer control of a Scalar
Network Analyzer was possible through the use of an Analog
to Digital (A/D) converter. Such a system was developed at
the Naval Postgraduate School in 1982 using the HP-5845EB
computer, HP-47310A A/D converter, HP-8788 Scalar Network
Analyzer, HP-8620C Sweep Controller with the Hughes 47225H
Full Band Sweep Plug-in and a Reflectometer Set-up using
Hughes and Baytron components.(Ref. i{] This system provided
a means for automated millimeter band measurements from 60
to 80 GHz. The analog main frames required extensive
computer control to provide computational data and this

large amount of peripheral control resulted in slower

measurement times than would have been expected with an
. automated system.
. Late model analyzer and sweeper main frames now enable

direct computer control of all analyzer and sweeper

o0 12




functions. Sweep data can also be internally digitized to

* allow full control and data passing without the need for an

5. : A/D converter. This ability to allow main frame control of

;l functions which were originally computer controlled

g simplifies software commands and speeds up the measurement

> process. Hughes Aircraft Company now offers such a system

é} utilizing the HP-85 computer, HP-8756 or HP-8757 Scalar

o Network Analyzer, HP-8350 Sweep Controller with a Hughes

5 Full Band Millimeter-Wave Plug In and a Reflectometer Set-up
using Hughes components (Ref. 2:pp. 24-251. The software is

Jp—

customed to the Reflectometer components selected and the
desired application.

Improvements in the Naval Postgraduate School
Hillimeteb—wave Scalar Network Analyzer system now offer the
‘ following features:

. i. MENU DRIVEN computer control of system calibration
and Device Under Test (DUT) measurements.

" - 2. The ability to perform several DUT measurements of
return and/or insertion loss from a single

% calibration.
‘: 3. Control of the number of data points used for the
& calibration/measurement from a menu choice of seven
2 possibilities ranging from 10 data points to 401
o, data points.
4. All of the calibration data is taken before the
™ lengthy calculations are started thus minimizing
R operator interface time.
o 8. DISPLAY of measurement results either in tabular or
o graphical form.
P

6. PRINTER output of measurement results in tabular or
— graphical form.
A 7. PLOTTER output using the HP-9872 series high
resolution multicolor plotter.

Y ' 13
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Software modifications have also made insertion loss

v mteted

measurments with the "A" coupler installed faster and

n
ﬁ?o easier,
D
fos
o B. PURPOSE
ﬁb This thesis investigates the performance of an automated
N
hﬁ Millimeter-Wave Scalar Network Analyzer using the following
;'10':5
oS components:
hnd i. HP-9848B Computer.

3 2. HP-8350B Mainframe Sweeper with the Hughes Full Band
St Millimeter-Wave Plug-in.
! {¢ 3. HP-8756 Mainframe Scalar Network Analyzer.
C 4. Reflectometer Setup using Hughes components.
8. HP-9872 Plotter.

ﬁﬁ The system performance will be compared with known

=%§ components with attributes and deficiencies noted.

i Additionally the measurements obtained will also be compared
ﬁg with measurements obtained in previous theses and with

L&g manufacturers component specifications. The systems dynamic
o range will be determined and compared with the Hughes

};3 Automated Millimeter-Wave Scalar Network Analyzer.

3%

}u; C. RELATED WORK

;%5; Under the direction of Professor Jeffrey'B. Knorr, U. S.
;§§ Naval Postgraduate School, G. S. Leoussis and E. D. Gatsos
;ﬁﬁ developed the NPS Automated Millimeter-Wave Scalar Network
'y Analyzer [Refs. 1,4]. Professor Knorr’s development of the
’:ﬁ measurement theory and mathematical models used in the

;M; software can be found in Reference 3.
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o

The Millimeter-Wave Scalar Network Analyzer is a
waveguide based system. The system must be able to measure
the incident and scattered RF power of a device under test
(DUT). Performance is ¢given in terms of the scattering
parameter amplitudes which can then be used to compute the
return loss and/or the insertion loss of the DUT.

In general, scattering parameters can be defined in the

form:

o

| .
- m :
Smn = : (i#n) (1)

w
S

where S, is the complex ratio of the variable by of a
signal (wave) emerging from port m relative to the variqble
a, of a signal (wave) incident at port n. The Network
Analyzer is designed to measure parameters proportional to
Ibn! and la,l so that their amplitude ratio can be computed.
Since this type of measurement lends itself easily to
computer control and computations, typically modern systems
are automated. The objective is to use the measurement
system to determine the insertion loss, IL, and return loss,
RL, of a DUT. For illustrative purposes, with the generic
two-port device in Figure 1| placed in the forward direction
(Port A driven), the return loss at Port A and the insertion

loss from Port A to Port B are related to the scattering

coefficients of the DUT by:
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RLy = -10 log;o!S, 1% (2)

ILag = -10 logyg!Sp!? (3)

If the DUT is reversed, then the return loss at Port B and
the insertion loss from Port B to Port A can be determined

as follows:

BLg = -10 log;g!Spp!® (4)

ILBA -10 log1°I513I3 . (8)

The scalar measurement system is designed to obtain the
parameters which can be used to determine the magnitude of
the scattering coefficients and finally the desired return
and insertion losses.

Simplified diagrams of the reflectometers used for
return loss measurements and insertion loss measurements are
illustrated in Figures 2a and 2b respectively. The three
couplers are referred to as the R, A, and B couplers since
they provide samples of the incident (reference) signal, the
signal scattered from Port A of the DUT, and the signal
scattered from Port B of the DUT. Square-law detectors
located at 3, 4, and 6 provide output voltages proportional
to the RF-signal power scattered to these three ports. The
return loss is determined from the ratio Va’VR: and the
insertion loss is determined from the ratio Vg/Vg. In an
ideal system, BL and IL could be determined directly from

these quantitiés. In practice, however, these values are
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corrupted by component differences and imperfections. It is
necessary, therefore, to first calibrate the system and then
accept some uncertainty when the measurement is taken. If
the measurement uncertainties can be quantified, then some
bounds of measurement uncertainty can be determined so that
meaningful interpretation of the results can be made.
1. BReturn Loss Measurement Analysis
In general, the return lbss from a DUT port, k, is

given by:
RLy = -10 logo(Py /P, "’ (6)

where P~ is the power scattered from port k, and Pk+ is the
power incident on port k. The incident and reflected powers
are detected at ports R and A respectively and the detector
output voltages are sent to the scalar analyzer. Referring
to Figure 2a, the ratio of detector voltages may be
expressed in terms of the scattering coefficients of the
reflectometer bridge as:

| &
+ 521(1*5231'1“)7‘111: (7

: S41

(Vpo/Vg) = a®

where a® is a constant, and Pin is the input reflection
coefficient of the DUT and where it has been assumed that

ISP n!<<1. It should be recognized that 1S3z;!%1 and that

18417/5421¢<1 will be approximately equal to the directivity
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Figure 3. Phasor Diagrams for Establishing 8 dB Return-Loss
Signal Level in Scalar Network fAnalyzers.

of the A coupler. However, the coupler directivity will
always be an upper bound for IS41/S42|,

Before making a measurement, the 0 dB return loss
reference level must be determined. In a coaxial scalar
network system the reference value could be determined by
substituting the DUT by a coaxial short followed by a
coaxial open and measuring the respective return loss
values. In this way the two extreme phasor components of
the signal magnitude could be determined. As illustrated in
Figure 3a, the 0 dB reference value could then be determined
by the linear average of the shorted and open measurements.

Establishing the 0 dB return-loss reference level

for a waveguide system is somewhat more involved, however,
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‘gﬂ since there is no waveguide equivalent to the open coaxial

port. Equation (7) indicates that this level could be

5@{ established through the use of a sliding waveguide short.
i)
h& In this case, I'j, = e? and, as the position of the short is

varied, oneobtains maximum and minimum readings for each

3@’ measurement frequency (see Figure 3b)
[AL)
TR
o0 (Va/Ved) 178 = 4 18, 1(1+18001) + 6 (8)
N A" 'Rcal ~ a 21 g’
max
A,
A 1/2 -
W (VarVp) 4% = a 1851 1(1-18551) - 8 (9)
QJ‘ min
o where
e
.
o § = C 1S4,/545! (-1£C<+1), (10)
‘..
Ka ¥
e If these readings are averaged as follows:
94
L)
i 172 = 1/2 1/2
:' (VA/VR)cal l/Bl(VA/VR)cal + (VA/VR)cqlx (11
S aveg max min
'i,"
\"¢ = a lSzl|
§ Ny
o’
‘2 the 0 dB return-loss reference level and Fin can be
‘%."l
established for future measurments. Once this calculation
AW
5% has been made then the following can be determined:
‘
o
a‘.’:
v, 1/2 1/2
—’— (VA/VR)cal - (VA/VR)CB_.].
. max Bin_ = |1S..1 + § (12)
! 172 22
»" avg
)
!
10 20
'
&
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o which will be useful in determining the measurement residual
: uncertainty. 1Sgz! is the equivalent of the source

y : mismatch, and is determined from (12) with uncertainty no

:? greater than the A coupler directivity, 8.

If the DUT is connected to port 2 of the A coupler,
a measurement of the reflected power from the input port of

the DUT can be made. There is no control over the phase of

the reflected power. It can be shown, therefore [Ref. 3:p.

al 1881 ,
¥
4
b 1/2
A (Vp/VR) | 8 |
AL B DUT = irja1 + 4L | 4 caisgpiir 1B (13
. SINATYA 1S4252 |
R avg
.
)
.ﬁ The constants C; and Cp lie in the interval [-1,1) and

depend upon the phases of the directivity and equivalent

.’m:

source mismatch error signal components relative to the

s a

signal reflected from the input of the DUT. 1S551 was found

. during the calibration and it is assumed that 18pq1%1.

Y, IS41/S43| is not generally known as a function of frequency
k.
>, but it is bound from above by the coupler directivity, D, as
: specified by the manufacturer. The detector voltage ratios
-
,i may now be determined by
2
<
14
1/2
(V,o/Vp)
: AR DT = ir;,0 ¢ A0y, (14)
+ (V‘,‘/VR)“‘l
b ave
4,
b
N 21
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where the worst case uncertainty AP, is given by
= e
Al;p = D + 18551 1T ! (18)

In order for the proper 0 dB return-loss reference level to
be determined for all phases of the input signal, the
sliding short must be moved through a distance of at least
one half of the guide wavelength, A’. This will ensure that
the signal passes through a full 360° of phase as
illustrated in Figure 3b. The calibration algorithm can
then determine the maximum and minimum values of (Va/Vp) at
each desired frequency as the sliding short is moved through
a distance of A’ /2 at the lowest frequency in a specified
number of steps, in this case 10. These values can also be
used to compute the range of error for each measurement.

Interaction between the DUT, the source and the R
coupler can be minimized through the use of a waveguide
isolator between the R and A couplers. This will also
minimize the equivalent source mismatch, 1S5 .

As a final note, the measured DUT input reflection

coefficient is given by

DUT.DUT

S s r
r,, = sbUT , Z12 "Rl "L (16)
n 11 1 - sDUIp
22 'L
where 'y is the reflection coefficient of the load
terminating the DUT { Ref. 3:p. 185) Since ITip! = 184! for

2e
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the DUT only if Il I = 0, the best possible load should be
placed on port B of the DUT when measuring IPin! at port A,
and vice versa. To achieve the lowest uncertainty for
return-loss and insertion-loss data, the unexcited port of
the DUT should be terminated in a waveguide matched load,.
If a sliding load is used then the error due to load
reflection may be averaged out in the same manner as the
equivalent source mismatch error'is averaged out during the
return-loss calibration procedure. This will cause the
process to be less automated, however, and some compromise
may be necessary if a computer driven measurement system is
desired.
2. Insertion Loss Measurement Analysis
Determining the insertion loss requires satisfying

the equation
ILgg = -10 logyg(Pg=/Pp*) €L

where Pq‘ is the power scattered from port q of the DUT and
Pk* is the power incident on port k of the DUT. Looking at
the basic setup in Figure 2b, this measurement is taken by
terminating the network in the B-coupler and samples of the
incident and scattered waves are coupled to ports R and B
respectively. The square-law detectors at 3 and 6 produce
the output voltages Vg and Vg. It can be shown that the

ratio of these detector voltages in terms of the scattering

coefficients of the DUT is given by
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D

b
:;&. where d is a constant, Pg’ is the reflection coefficient
B seen looking into port 2 of the A coupler, and T’ is the

. .

:N- reflection coefficient seen looking into port 5 of the B
e

o
iﬁE coupler [Ref. 3:p. 185). Calibration of the reflectometer
. L]

ARG .

o for this measurement is done by placing the A and B couplers
*2 directly together. This results in the following

oY

53: relationships:

o
R

By

\: SIB=SZI = 1. (20)

Y

," As a result
e o

".,‘..
o d

B 't - PP’ T
A and the correct reference level (0 dB insertion loss) is
K

:ti‘}.; located with an uncertainty equal to *dIP 'P[’i<<d. The
.l;"‘n:

o uncertainty can be reduced by making either Ty’ or I’
o~ smaller which can be accomplished by removing the A-coupler
[ x, L%

.
J\?} during calibration and measurement for insertion loss. When
\.\.:
2N, this is done, Il '] is determined solely by the isolator
‘if; VSWR.
f}i The location of the insertion loss reference level
S5y

':: will have a worst case uncertainty determined by the system
s
ﬁ:'-; 24
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component specifications., With the A-coupler in the systenm,
the reflection coefficients I'y’ and Py’ seen looking into

the A and B couplers respectively are given by

S5 48,57

Py’ = Spp + J24°42 D4 (22)
1 - Szzlpy
SguSe sl

I’ = Sgg + 65°86° D6 (23)

1 - SgeT'pe

In each case the coupler port is effectively terminated
(A-coupler by the isolator, B-coupler by the load). This
makes each coupler «ppear as & Z-port network terminated in
loads Pp, and I'ng respectively. As a result, the best
possible results will occur when the detectors exhibit the
lowest possible VSWR. Unfortunately millimeter-wave
detectors generally have high VSWR’'s so an isolator with a
lower VSWR preceding the detector may be necessary. Keep 1in
mind that the secondary arm of the coupler will reduce the

coupling factor by about 10 dB typically. The values of

IT¢’1 and IT,’! for the reflectometer setup used in this
paper are given in Chapter II, page 24.

The 0 dB reference uncertainty can be bounded more
tightly by measuring the return loss of the B coupler during
calibration. This will establish Lt IT¢! can be
determined from the value of 1S551, which was found during

the return loss calibration (Equation 12) and Ppg from

&5
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f% manufacturer specifications. [t can be shown that the

4.4
ié‘gl

) calibration uncertainty is
Ay
e
i}if 20 log g(1+IT '’ 1) (24)

A which is reduced since IT; ‘'l is known from direct
ﬁ§~ measurement at each frequency of interest [Ref. 3:p. 187).
E.i‘.
%h With the DUT inserted between couplers A and B the
K .

H insertion loss is determined by
R
.,e. Y 1/2
f ' ( VA/VR )DUT
Ry Vv 172

0o I1-Tg Ty’ |

=1 118541, (28)

o _gD0Tp ., _gDUTp. ., _gDUTgDUTIp_/p. 21
OO
-

Ty Since there is no control over the DUT scattering
S
:xy coefficients, the measurement error depends upon I';’ and
3¢
:{i IS Accurate measurements require the minimization of
L.

i these two values.
il
iﬂ In an automated system the value of the measurement
3
gz_ along with the computed maximum and minimum measurement

= uncertainty can be easily graphed. This provides an easy
%k graphical picture of the DUT response which can provide an
I
&_- immediate evaluation of the device performance.
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II. SYSTEM DESCRIPTION

The Millimeter-Wave Scalar Network Analyzer system used
for this thesis is illustrated in Figure 4. Specific
Reflectometer components are listed in Table I. The full
band sweeper and reflectometer are essentially the same as
before but a new Schottky barrier detector diode was used in
the A-coupler. The Reflectometer components yield a
IPgi€0.30 and a IP1€0.12 (Refs. 2,3). The other major
components are described below.

The new mainframes required software modification for
proper computer interfacing. Conspicuous by its absence is
the analog-to-digital converter which was eliminated by
using the new mainframes. Although software modifications
were required to communicate properly between mainframes,
the computations used for determining the return loss and
insertion loss remained essentially the same. Details on
specific software modification are contained in the third
section of this chapter.

A. Hardware

The five major components used for the Automated
Millimeter-Wave Scalar Network Analyzer are as follows.

1. Gomputer: The HP-3845B microcomputer was used for
this setup. Its 186K memory was sufficiently large

for all storage and computational requirements. It was the
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%: computer used for the original setup and software

o modifications were minimal and easily incorporated. The

ﬁL internal thermal printer was used for text output and could
%ﬁ also be used for graphical output if desired.

%h ‘ 2. Sweeper Controller: One of the new mainframes used
{é for this setup, the HP-8350B, was interfaced with the

gﬁ HP-8848B computer through the HP-8786A Scalar Network

a Analyzer. The HP-8380B could ke ?ontrolled either locally or
;3‘ remotely through the entire 60-80 GHz band by using the

%& Hughes 47610H Millimeter-Wave Plug-In. One major advantage
B of the HP-8380B was the ability to switch the RF head on the
:Eﬁ Full Band Sweeper automatically through proper frequency

}%ﬁ . selection. No separate band selection commands were

N required from the software. The primary disadvantage was
$2 that the entire millimeter band from 60-380 GHz could not be
3: swept with a single command. In order to execute a full

i band sweep, the computer had to command a sweep from 60-70
_g; GHz, then from 70-80 GHz, and finally from 80-90 GHz. This
‘Qc was necessary to activate the proper RF head in the Full

= Band Sweeper.

:}i 3. Millimeter Wave 60-80 GHz Full Band Plug-In: The
:r_fi; Hughes 47610H Full Band Plug-in which was used in the
2}
o
W original setup was used again for this setup. An adapter

piece along with a ROM chip from Hughes Aircraft Company was

required for proper interfacing with the HP-8350B Sweeper

s 29
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Controller. The conversion was easily accomplished and no
subsequent problems have occurred.

4. Scalar Network Analyzer: The HP-8786A Scalar
Network Analyzer was the most important improvement to the
system. Although the analyzer could be operated
independently, its connection with the computer through the
interface bus (HP-IB) allowed for complete computer control
of all analyzer functions. The ﬁP-8756A also had the
ability to digitize the display sweep and transfer the
values to the HP-89845B for storage and computations. The
results using this analyzer were very good although there
was one drawback. The display sweep is digitized to 401
points regardless of the START/STOP frequencies. This meant
that great care had to be used for measurements taken
nonsymmetrically around a band switch point. For example,
to sweep from 65-72 GHz first requires the sweep from 68-70
GHz, then the sweep from 70-72 GHz since 70 GHz is the band
switching point. The HP-8756A, therefore, will digitize the
first sweep of 5§ GHz (65-70 GHz) into 401 points and send
that to the computer. It will then digitize the remaining 2
GHz (70-72 GHz) into 401 points and send that to the
computer. As one can see, the result is that for the same
frequency range in each band there are going to be a
different number of samples taken resulting in accuracy
differences. The easiest way to avoid this problem is to

insure that the frequency width taken in each band is the
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same, i.e., insure that the START/STOP frequencies are
symmetrical about the band switch frequency.

5. Plotter: The HP-9872 series Plotter was a totally
new addition to the system. In the previous system, the
graphical output was only available from the HP-8848B
internal! thermal printer. This method was very quick, but
all too often produced a copy which obscured the actual
measured value and the bounds of-uncertainty.

Hith only a few lines of code the user now has the
capability of producing a larger, high resolution,
multi-color output of the graphical data. By utilizing the
fine tip pens and multi-color capability of HP-987%2 plotter,
even the tightest bounds to the actual reading came out
dramatically clearer than with the thermal printer.

All of the graphical results in-this paper were done on
the HP-8872C Plotter. Although the plotter image takes
longer to produce, this feature was a major improvement over
the old system.

The Reflectometer components used for the measurements
as well as the variable attenuator, sliding short and

matched load used as DUTs are listed in Table I.

B. SYSTEM CONNECTION
Figure 4 shows the measurement system interconnections.
The HP-IB connects the HP-8756A Scalar Network Analyzer

mainframe and the HP-9872C Plotter with the HP-8845B
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e TABLE I
hia SPECIFIC REFLECTOMETER COMPONENTS USED FOR THE
S AUTOMATED MILLIMETER-WAVE SCALAR NETWORK ANALYZER
\‘:-\' R A L P e et S PR 1 T
-ﬁtj :_929222933 _____ : QTY : Manufacturer : Part number :
oy | Full Band BF Source | 1 | Hughes | Z?TEEH:TYBE_:
e | Modulator/Leveler |1 Hughes | 452153-1105':
| Directional Coupler | 4 | Hughes | 255553-1016—:
ey | Diode Detector 3! Hughes | Z?szsu-1105_:
e | Diode Detector I Huéiég"'-=-253§§§-1111':
b | eeeeccccccc i | mrmm e e e e | rm e e e
- : Detector Adapter : 3 : H/P : 11664C !
AS | Isolators N Hughes | 45115H-1000 |
T R A T O St bt Rt It
’;i : Variable Attenuator : 1 : Hughes : 487%25H-1000 ;
e | Sliding Short | 1 1 Bavtron | """3E-58 |
S Iy gy Ry Uy URPUIPUIPIGY |URUEAPRSyURREGS | iy g g g g | i
Lo !} Matched Load S S Hughes | 4856185H~1000 |
-
computer. The HP-8350B Sweeper Controller is connected via
~ external bus to the HP-8756A. All computer commands for the
'y
*iﬁ sweeper pass through the analyzer.
| Sl
) ‘."h.i
Soge The Hughes 47610H Millimeter-Wave Plug-in is internally
,iﬂ connected to the Sweeper Controller with external
33 connections to the Full Band RF Head for band selection and
[J Ih
ﬁ?» RF power control. Detector voltage outputs are fed through
A
b s+ < an adapter where the signal is amplified and impedance
oo
j:. matched to the HP-8786A input. Power ratio measurements are
ﬁt' displayed on the analyzer scope. The scope sweep is then
g digitized into 401 points and sent to the computer via the
::ﬁb HP-IB. All computations for return and/or insertion loss
! :'.v::,.
:Nﬁi are performed by the computer and the results outputted to
. ¥
8
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either the CRT, internal thermal printer or externally

through the HP-IB to the HP-39872C plotter.

C. SOFTWARE

The old Millimeter-Wave Scalar Network Analyzer used a
program entitled "AEK" which was deveioped by Lieutenant
Elia Gatsos, Hellenic Navy [ Ref. 4:pp. 78-84). The analog
nature of the HP-8755B Scalar Network Analyzer precluded
sweeping the band of interest continuously since the
analyzer output could not provide a digitized sweep output
to the HP-9848B computer. The band had to be divided into
individual frequencies spaced across the desired kand in
steps which were selected by the user; 100 MHz for example,.
With the HP-8620C Sweeper Controller in the CW mode (vice
FREQUENCY SWEEP mode), the computer would send the
individual frequencies to the Sweeper Controller. At each
step the output from the HP-8758B would be routed through
the A/D converter to the computer where it would be stored
in an array.

In the new system, the HP-8786A Scalar Network Analyzer
has the capability of digitizing a sweep and outputting the
measured values directly to the HP-39B45B computer as a
serial string of values which can be read directly into an
array. The sweep is always digitized into 401 points. The

program had to be modified to provide for this increased
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%#: capability. The commands were much simpler and arrays could
be initiated with a maximum number of 401 points.
5’ The HP-8350B Sweeper Controller required a few extra
L
' commands to ensure only one band was swept at a time. The
‘:“
R only way to position the RF head on the Reflectometer to the
%@ proper position was to have the START/STOP {requencies fall
W)
h~‘ within a particular band., This meant that to sweep across
o :
e, the entire band from 60-390 GHz required three series of
oy commands from the computer; 60-70 GHz, 70-80 GHz and 80-90
1
ol GHz.
A LA
5."
s To provide consistency in the measurements, 401 points
j}x were always used. For a sweep in one band this was no
-/'_'.J
i{ problem. When sweeps across two or three bands were
R
oy required, some data manipulation was required to ensure
g& equally spaced data points between the start and stop
k j frequencies. Additional computer commands were required,
-
¢
A therefore, for processing the HP-8786A data.

o Handling 401 data points provided excellent results but

required lengthy computations for calibration and

measurement (due to a number of looping operations). To
';i allow for faster computation times at the expense of
;Ez resolution, a selection of 7 choices for total number of
'Vﬁ data points used was provided for the user. The lowest
;jz number, 10, was used for trouble shooting the program,.
isz Computations were very fast but the results were not of much
1f; use for actual measurements. The remaining numbers, up to
i§5 34
%
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4 401, give increasing degrees of resolution and longer
computation times. The user must determine the number of

points versus computation time required for a particular

P P

measurement.

The final major program modification involves adding a
feature which was not previously available. The internal
¢ thermal printer will produce a graphic representation of the
measurement (return loss or inseition loss), At times the

measurement and the boundaries for the range of error become

- -

so close that it is difficult to distinguish between them.
It would be helpful to have a larger, clearer graphic image.
With this in mind, the capability of plotting the

graphic image on the HP-9872 plotter was incorporated into
the program. The image can be as large as the plotting

o surface (11" x 17") and can have up to 4 colors for gre;ter
¥ clarity. This feature proved very successful and greatly

enhanced the output capabilities of the system.

Other minor program modifications were added to provide
for more user friendliness. During the sliding short
calibration all data is taken before the 0 dB return loss

i reference level is computed. This reduces the user
} interfaced time required to move the position of the sliding
short,

The measurement sequence for insertion loss in the old
program was the same with or without the A-coupler in the

system. With the A-coupler in the system, the sequence was
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:@ rearranged to provide fewer user interfaces resulting in a
k) faster measurement process.

R\ The number and magnitude of program modifications

‘g Justified renaming the program from "AEK" to "MMWSNA". A

) flow chart of the program is shown in Figure S.
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b
K;
K
P
b '
be',
o
1Y
4
b START
'k *RESTART", °SELECT MERSUREMENT® KEYS
‘l
¢ DEFINE MEASUREMENT:
¥ Start Frequency
™, Stop Frequency
% Number of Data Points
‘W HP-8358/HP~875S6 Initialization
K
¢
') \ '
f CALIBRATION:
! Return Loss: 1@ positions of
sliding short
e Insertion Loss: 1@ positions of
2 sliding short and
< through measurement
“NEXT* KEY
W
v MEASUREMENT :
" Return Loss and-or
Insertion Loss
K
. "PRINT", °DISPLAY*, °*PLOT" KEYS
s ——a
..
"5
¥ OUTPUT:
Tabular Data (CRT/Hard Copy)
N Plotted Data (CRT/Printer/Plotter)
%' KEYS
gl
. .
Vb, Figure S. Measurement Flow Chart for "MMWSNR" Program.
L
.
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A IIl. RESULTS
.!.. )
) !‘I‘
’ The number of tests which were used to verify the
S
fﬁ{ performance of the improved Millimeter-Wave Scalar Network
'\'_3
;ﬂ Analyzer precludes reviewing all of them in this paper. A
is'.'-, -
representative sample have been chosen to illustrate the
r-x‘ ’
;&* return loss and insertion loss capabilities and many more
)
;&ﬂ were used to determine certain system parameters such as
AN
u
dynamic range. This chapter reviews the messurements and
A\: provides illustrations to characterize them. Accuracy
"y
‘*ﬁ measurements with the improved analyzer alsco include tabular
'y
i data. Some comparisons will also be made so that the
‘iﬁ‘ improved system data can be compared with data gathered 1in
:ii previous theses, known systems, and manufacturers’
b
components. The MMWSNA User Guide (Appendix A) may be
S
;nj helpful as a reference.
Q:j
&
. 4 A. RETUEN LOSS MEASUREMENTS
~ As mentioned in the Chapter 1!, Section C, the analyzer
LW -I
Peat
:;: must be calibrated prior to performing measurements for
e -~
S
:4: return loss. The system was calibrated using a sliding
short. The short was moved to ten different positions
5 ensuring that the short was positioned over a length greater
‘ than 2.5 millimeters which is equal to A/2 at 60 GHz.
o Sufficient accuracy is attained using 100 to 200 data points
}?* for the measurements thus reducing the calculation times. 1
A
B Aside from user inputs to the program and moving the sliding
|
B 38 ' |
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short, the computer performs all the setup, data gathering,
and calculations for establishing the 0 dB return loss
reference polnt.

1. Calibration

To ensure that the system was properly calibrated,
measurements of a short and a matched load were performed.
Expected return loss values of 0 dB and some maximum value
in excess of 30 dB were expected for the short and load
respectively. The first measureﬁents were performed with
the existing whisker diode detectors and yielded the return
losses shown in Figures 6 and 7. In the measurement plots,
the middle curve is the actual device measurement and the
upper and lower curves bound the measurement uncertainty.
The fixed short return loss looked good but the matched lcad
return loss was a disappointing 20 dB. Subsequent system
checks and measurements made with a calibrated attenuator
verified that the system was working properly but the
maximum measurable return loss was about 20 dB.

Defective detector diodes were believed to be the
cause of the poor system performance. A newer Schottky
barrier diode detector was purchased from Hughes Aircraft
Company (Serial no. 030)., The performance of this detector
was much improved. Figures 8 and 9 show the return loss for

the short and matched load return losses respectively.
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REPRODUCED AT GOVERNMENT EXTENSE

Fixed Short Return Loss Using
Whisker Diode Detector.
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2%
fi% The printed tabular data can be found in Appendix C, Tables
LA
T Il and III. The Schottky barrier diode detector appeared to
.
f‘ﬂ have a much better dynamic range.
0
$:~ a. Minimum Uncertainty Computation Problem
X
)
vt Graphical results from the Matched Load return
-
’.? loss (Figure 89) showed discontinuities at various points
TN
=
;:t: associated with the Minimum Uncertainty plot. A more
YWS )
[
' detailed study shows that the disconinuity occurs when the
FﬁB return loss exceeds 40 dB. Analysis of the equations used
A
0
SN to determine return loss uncertainty reveals the problen.
LY
L
) In Chapter I Section A, the return loss worst
’&j case uncertainty, ATl';,, was given by Equation (15). This
.ﬁbf calculation is performed at line 4170 of the “"MMWSNA"
"l
e program. The variable cross reference between Equation (1i5)
ﬂj, and "MMWSENA" is as follows:
348
b * -
»
:’t AT, = R3(X)
NJ SBB = RB(X)
o~
K72 Pin = RIS(X)
45' D = 0.01 (Manufacturer specification [Ref. R:p. 104])
f* Equation (18) and line 4170 compute the worst case
:%y{ uncertainty, Al';, and R3(X) respectively, by using the worst
N -{
(. case value of D, that being the Manufacturer’'s
3&* specification. When a high return loss occurs, the computed
A '
~ ? value of the worst case uncertainty, R3(X), can exceed the
§
R value of the input reflection coefficient, R19(X). In this
B0
. 44
-'l"
Sty
’ :i,. !
1"':
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k case the computation for the minimum uncertainty, RS(X),

a"t“‘

‘ results in the logarithm argument being negative and,

“!

;§ ¢ therefore, meaningless resulting in a discontinuity

5]

) (“MMWSNA" line 4240).

X .

' As an example, in Table III the values of the
§

g variables for the matched load return loss at 66.00 GHz are
‘t

! as follows:

A

. Pipn = -40.28 dB or 9.71628 X 10-3

143

: = -3

;: Sgp = -23.87 dB or 66.298 X 10

L

WY D = 0.01

o

» Using these values the worst case uncertainty is:

l‘

V)

R AT, = (9.71628 X 103)%(66.298 X 10°3) + 0.01

. = 10.00626 X 10-3

L

')

o The minimum uncertainty (RS5(X>) = 20 1°g10(rin'APin) =

)

! 20 loglo(-289.98 X 106 which is, of course, meaningless,
.l

;$ To bypass this problem a default value of 120 dB was given
A

%y

‘S to KR8(X) for these cases ("MMWSNA" lines 4240 and 4250).

* The interpretation of this result is that there is a minimum
R

_% value of uncertainty but it cannot be evaluated using the
i worst case coupler directivity. The value of the

K

X directivity for the coupler at that frequency would have to
M)

? : be known. For return losses of this magnituds, howevzr, *n=z
'& parameter of greatest interest is normally the maximum

)
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return loss uncertainty and not knowing the minimum
uncertainty is usually inconsequential.

2. Return Loss Accuracy

To gather data concerning the accuracy of the system

for return losses throughout the dynamic range, a DUT
consisting of a calibrated attenuator with a short at the
output was used. The attenuator was a Hughes 4572ZxH series
Millimeter-Wave Direct Reading Attenuator which has a
specified accuracy of 0.1 dB or 0.2 percent, whichever is
greater [Ref R:pp. 34-38). The setup is illustrated in
Figure 10. The RF signal is attenuated twice; once as it
passes through the attenuator to the short and again by an
equal amount (the attenuator is a reciprocal device) as it
returns from the short through the attenuator and into the
A-coupler where it is detected. The return loss should be
twice the attenuator setting. The return loss using the

whisker diode for attenuator settings of § dB, {0 dB, and

46
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12.8 dB are illustrated in Figures 11, 12, and 13
respectively.

The Schottky detector return losses for attenuator
settings of 8§ dB, 10 dB, 15 dB and 18 dB are shown in
Figures 14, 15, 16 and 17. Printed outputs can be found in
Appendix C, Tables IV, V, VI and VII. From this data the
Schottky detector appears to have a much better dynamic
range although in both cases the Return Loss did not stay
within the specified accuracy of the attenuator.

3. Dynamic Range

To show the improved performance of the Schottky
diode, values of return loss for 65 GHz, 75 GHz and 85 GHz
were obtained and plotted to determine and compare dynamic
ranges. The results are shown in Figure 18. [t is not
difficult to see from these graphs the superior performance
of the Schottky barrier diode detector. Moreover the
dynamic range for the Schottky diode is about 35-40 dB which
is easily as good as that of commercially available systems.

a. Diode Detector Comparison

The reason for the superior performance of the
Schottky diode detector is not immediately evident. An
analysis of the output voltage was conducted and some clues
as to the reason were revealed.

In a series of separate measurements, an
oscilliscope was connected to two d}fferent whisker diode

detector outputs and the Schottky barrier diode detector
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output. Readings on the waveform peak-to-peak voltage and
the DC level were taken at 60 GHz, 75 GHz and 90 GHz. The
results are contained in Table VIII. Additionally, graphs

of the RMS output voltage vs. input power are illustrated in

Figure 189.
TABLE VIII
DIODE DETECTOR VOLTAGE LEVELS
I IPeak-to-Peak Voltagell BE'LEGEI""“T
I Diode | s e e e i T

- e Y e — —— — i [ o o o o o [ o e o [ - - — - —— o o | o e e | — - —
3323 4+ 1 Tt - B+ -t B 1t - t AR+ T 11 TR | E =S EEmR | =E=w===

- - —— | ———— v | - | - —— - e | ey | - — -

- — —— - ———— | o e | e — | - ——— - —— e o | o | s ——

-——————-.——-——_———————-.—.-————_——-—-——————--————--——-——-—————-———
e e e 2 2 a2t ¢+ + i+ + 1 2 2+ +  + + -+ 1 - 1 3+

The peak-to-peak voltage of the waveforms did not vary a
great deal but the DC level was substantially higher for the
Schottky barrier diode. As a result, the output voltages
for the Schottky diode detector in Figure 18 were
consistantly higher across the band. This may be one reason
the Schottky detector had a greater dynamic range.
4. Comparisons With Previous Theses Results

This improved system could only be considered as
viable if devices which were measured in previous theses as
well as devices offered by manufacturers were measured by
the new system and the results compared. In previous Naval

Postgraduate School theses a number of devices were tested
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25

&él for return loss to determine the performance of the old

. system [Refs. 1,4). The same devices were tested with the
ﬁg; new system and the graphical results compared.

igﬁ a. Fixed Short From 60-70 GHz and 70-80 GHz

W In Figures 20 and 2! a comparison of fixed short
f& return losses from 60-70 GHz and 70-80 GHz respectively are
5 shown. Aside from a pattern difference caused by a phase

w difference between the two measufements, the average value
:g& and variation of both the measurement (center line) and the
Eﬂ? uncertainties (outer line) are virtually the same. Both

& systems appear to perform equally for this device,

jgg b. Tunable Load from 70-80 GHz

ffi The return losses for a tunable load at mid-band
- are compared in Figure 22. Although the original thesis did
g;. not specify the setting of the load [Ref. l:pp. 37-38], the
:h; tunable load for the improved system was a Hughes 48665

i Tunable Load set at 2.00 (maximum setting was 5.00). Hughes
ﬁﬁ specification for the tunable load VSWR is 1.05:! nominal or
:'.:3 32 dB of return loss [Ref. 2:p. 112).

R c. Detector Mount from 70-80 GHz

$t¢ A comparison of the return loss for a detector
S: mount from 70-80 GHz :.:s contained in Figure 23. The

T‘ previous test (Figure 23a) indicates an increase of return
g:; loss at about 78.8 GHz while the recent test (Figure 23b)
3*: indicates a relatively flat response from 70-80 GHz. One

e would hope that a detector mount would offer a uniform
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response to an input especially at mid-band. This detector,
the Hughes 4732xH series, did not have a specified VSWR but
flatness was specified as 1.5 dB max [Ref, 2:p. 90!. The
comparison in Figure 23 is not conclusive but the improved
system is showing a response which seems to be more
reasonable for this type of device.
5. Comparison With Manufactured Device

The final comparison of ;eturn loss was made using a
Baytron Horn Antenna (Part No. 7E-67/285). The rated return
loss for this antenna is advertised at 1.2 VSWR or 20.7 dB
{Ref, 5:p. 14). Figure.24 shows the return loss for the
antenna at mid-band, 70-80 GHz. The return loss is well
above the 20.7 dB rating which indicates that both the
antenna and the Millimeter-Wave Scalar Network Analyzer work

as advertised.

B. INSERTION L0OSS MEASUREMENTS

The insertion loss measurements made with the
Millimeter-Wave Scalar Network Analyzer followed much the
same pattern as the return loss measurements. This section
first discusses the calibration of the system for insertion
loss. The results using the calibrated variable attenuator
to determine the accuracy and range of the insertion losses
are then discussed with graphical and tabular results given.
A comparison of performance between the whisker and Schottky

diodes is also given. The section finishes up with a
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comparison of several devices which were tested in previous
theses. Only graphical results are given for these
comparisons.
1. GCalibration

As discussed in the Background Information, the
system must be calibrated with no DUT to determine &
baseline for measurements. First, the return loss
calibration is performed to detefmine 'SZZ|- Next, the
system must be calibrated with the B-coupler installed.
Referring to Figure 4, if the A-coupler is used, then the A
and B couplers are placed together to form a through section

of zero length. If the A-coupler is removed, then the

B-coupler is placed directly on the isolator at the output

of the R-coupler for this measurement. Once this is
performed, DUT measurement can begin.
2. Insertion Loss Accuracy

The whisker diode detectors were used first to allow
the A-coupler to remain installed for the measurement as
illustrated in Figure Zb. Insertion losses for 0 dB, 10 dE,
20 dB and 28 dB settings on a variable attenuator are shown
in Figures 25, 26, 27 and 28 respectively. Once again the
maximum measured insertion loss was only about 20 dB.

As with the return loss, the whisker diode detectors
were thought to be the problem with the range. Only one
Schottky diode was available and replacement of either the A

detector or the B detector did not improve the performance
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of the system. The solution, therefore, consisted of
replacing the B detector and performing the insertion loss
measurements without the A-coupler in the system.

Using this method insertion loss measurments f{or
0db, 10 dB, 20 dB, 30 dB, 40 dB and 45 dB were performed
with the Schottky diode detector and the results given 1in
Figures 28, 30, 31, 32, 33 and 34 respectively. Tabular
results are found in Appendix C, Tables IX, X, XI, XII,
XIIl, and XIV. Once again the superior perf&rmance of the
Schottky diode detector substantially increased the dynamic
range although the accuracy did not seem as good. Figures
33 and 34 show a noise floor of about 40 dB which is double
that of the whisker diode detector.

A phenomenon which appeared in the insertion loss
measurements with the Schottky diode detector was a jump in
insertion loss at the band-switch frequencies, 70 GHz and 80
GHz. At the band-switch frequencies the Sweep Oscillator
Millimeter-Wave Plug-in commands the Full Band Sweep Source
to select the next band rf source (See Figure 4). The
Schottky diode detector would seem the likely candidate as
the source of this discontinuity since the other detectors
did not have this problem. Aside from the higher DC level
of 1ts output, however, the Schottky detector exhibits a

square-law behavior with no indication that it changes
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markedly at the band-switch points. It is unclear,
therefore, what is causing the jumps in insertion loss at
these points.
3. Dynamic Range
A graphical comparison of the dynamic range between
the whisker diode detectors and the Schottky diode detectors
is given in F}gure 38. The performance of the Schottky
diode detector is clearly better-than that of the whisker
diode and the system performance is comparible with that
advertised by Hughes Aircraft Company [Ref. 2:pp. 24-25].
4. Comparison With Previous Theses Results
] Previous theses measured a variety of devices and
comparison of the old and improved systems provided
excellent results. The first set of comparisons are from a
thesis by George S. Leoussis, LT, Greek Navy {Ref. 1l:pp. I
37-38, 47-511. It should be noted that the manufacturer of
the devices measured by Leoussis were not specifically
K identified.
I a. 10 dB Attenuator from 70 to 80 GHz
The comparison of insertion loss measurement for
the old and improved systems are illustrated in Figure 36.
Considering the expanded scale for the improved system
s measurement, the two measurements agree very well. [t 1is
, interesting to note that in neither case was the measurement
\ within the *0.1 dB tolerance given by the manufacurer for

the calibrated variable attenuator { Ref. 2:p. 38].

77

S

¥ o . y L 4 - L R A " T AT T AT g A
; , %] ~ by D% IRIN |
~'.»’l“" ot - Ty .A'Q«. Sl 3 X ‘A"‘O > (Al M L L LA NN -0. AN AN




45
40 7

35
38 — -
2s 4

20 )i
15 )l

10 // b——~! WHISKER |

T
S ~ DIODE
]

INSERTION LOSS (dB)

(%] S 18 1S 20 25 3@ 35 4lB 435
ATTENUATOR SETTING (dB)

a. 65 GHz.
8 45 =
D 40 4
35
(] /
9} A
S s )
Z 28 -
S | P
’: // - — wHBKeR ook
5 12 SCHOTTKY BRRRIER
m 5 p ry
Z p
— @ S5 18 15 20 25 3@ 35 4B 45
ARATTENURTOR SETTING (dB»
b. 7?5 GHz.
m 45
D 40
A
g 35 —
38 J
o
Jeas ’/
20 g
& s )
';_‘ v —+— -] wH1EKER [DIOD
[] V.
g '5 v SCHOTTKY BARRIER
pd
— P S 10 15 20 25 3@ 35 4B 45
RTTENURTOR SETTING (dB)
c. BS GHz.
Figure 35. Dynamic Range for Insertion Loss.
78

PR TG G L T S DR e PO SR N 0 A PR P O O AT ST OU N |



A
1:'
N3
s
§;! .
b
!
"
4 |11 Arrederoskicssraseas |
_ X | , ATTENUATORK LSIED(T2-78GAZD |
E“Q ! | 1
1 &
) a1 ! i | ! >3
A _ . : . e
5 o |
P 1 i l IQ H

2 i 1 -~
B
EX 2 ! il
KK tr3
4 Z
5 A -
R \ I l l
. N ‘
: e NN
_ J: 1 ! . ¢ [l
K \ | ! i |
t‘ 'z t ' |
E | T T T
. | | | . l

3 i ko/a31N | E: !
| ; |
.; Btart Stoo Fr'qponcyg('ihz)
g
P
i;
D a. Old System.
iR
N
%
'5 @ dB RTTENURTOR
[N, .- N —_—
s
9
) 9.5
10

. -
Nl 3
W) ___auﬁmdL .

% I m@%

A

:I' 12 M{M\/
3 12 s
k. B I WCRT I ] E—
S Start-Stop| Frequency (GHz L
Ry i

/ b. Improved System,
;
:a Figure 36. 18 dB RAttenuator Insertion Loss

b Comparison from ?78-88 GHz.
¥
at
b 79
&

]

R ) D%\
2 .8, .g'ﬂ" A 1’;,&&'[‘;;



b. 20 dB Attenuator from 70 to BO.GHz
From Figure 37 one can see that the two systems
are in close agreement again. Although the improved system
appears to be a little closer to the set attenuation, once
again neither measurement falls within the tolerance.
¢c. 30 dB Attenuator from 70 to 80 GHz
Comparison of the two systems remains consistant
in Figure 38. The improved systém appears closer to the
attenuator tolerance but is still outside the range.
d. 40 dB Attenuator from 70 to 80 GHz
In Figure 38a the old system has encountered the
maximum limit of its dynamic range at about 36 dB while the
improved system is hovering around the set attenuation of 40
dB. The size of the excursions in Figure 39b indicate that
the system was approaching its limit but there is no doubt
that the improved system has a better performance at this
level.
e. 10 dB Directional Coupler from 70 to 80 GHz
The correlation between the two systems in
Figure 40 appears very close indicating that the two systems
obtained the same insertion loss for this device.
The next set of comparisons is from a thesis by Elia
Demetrios Gatsos, LT, Greek Navy [(Ref. 4:pp. 34, 53-60].
f. Through Section from 60 to 90 GHz
It was unclear from the thesis by Gatsos what

the through section consisted of. From Figure 41a it would
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Eﬁ, appear that the through section was of zero length since the
o insertion loss was approximately 0 dB. For the improved

T’, systém, a 6 inch through section was used. The typical loss
*“ of E-band waveguide is about | dB/ft. As one can see from
ﬁﬁ Figure 41b, the insertion loss measurement hovers around 0.5
:!: dB, the expected value of the insertion loss.

;?; €. Baytron Variable Attenuator from 60 to 80 GHz.
'u$ The full band comparison of the Baytron 3E-3

.ﬁj Variable Attenuator set at 10 dB can be seen in Figure 42,
g?: Despite the rather poor performance of the attenuator, the
ﬁﬂ range of insertion loss values from 60 to 90 GHz between the
éﬁx’ two systems agree very well. The attenuator is calibrated
;S for a correct reading at 75 GHz. Both systems came very

b close to this reading although the improved system appeared
;;3 closer and the uncertainty range was much tighter.

. H'.{‘ - —_—

';3 C. PLOTTER PERFORMANCE

- One of the major improvements to the Millimeter-Wave

f: Scalar Network Analyzer system was the ability to produce a
Eg? graphical output on the HP-39872 Plotter. In the previous

. comparisons the old outputs were produced from the HP-9845B
;53 Computer internal thermal printer while the new outputs were
hs‘ produced on the HP-9872C Plotter. The plotter outputs are
;. s1gnificantly clearer with excellent resolution and

:2§ contrast. By using the plotter the user can also vary the
.*ﬁ size of the output and use different colored pens to enhance
) (AN
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o the graphical output. Neither of these features were
available with the internal thermal printer. Some
KR programming knowledge would be necessary to change the

K existing parameters in the "MMWSNA" program.
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IV. CONCLUSIONS AND RECOMMENDATIONS

A. GCONCLUSIONS

The Imprdved Millimeter-Wave Scalar Network Analyzer
exhibits better overall performance than its predecessor.
The addition of the Gchottky barrier diode detector and the
HP-8786A Scalar Network Analyzer provides a dynamic range
which rivals industry standards.. Software modification and
computer control of the HP-8350B Sweeper Controller and the
HP-8786A Scalar Network Analyzer has reduced user interface
and speeded up the measurement process. By providing all of
the previous output capabilities as well as the HP-9872C
Plotter output, the system is able to give the user a
maximum amount of clear data for analysis. The system is
composed of off-the-shelf components so anyone desiring such

a system is able to obtain the necessary equipment.

B. RECOMMENDATIONS

Despite this system’s improved performance over any
previous system, some system improvements can still be made
and zome anomalies looked into.

1. Schottky Barrier Dicde Detectors

The performance of this diode detector is excellent

and it is recommended that the A, B and R couplers be fitted
with these detectors. This will ensure peak performance and

maximum user friendliness for insertion loss measurements.
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géé 2. Measurement Accuracy

Ve Both the return loss and insertion loss measurement
“1ﬁj accuracies wer; 1-2 dB above the maximum rated tolerance of
ggj the calibrated variable attenuator which was used. Some of
#hd the device measurements, however were exactly where one

fég would expect them to be (Baytron Attenuator and the Through
%%‘ Section). It is not obvious where the source of this

e anomaly is and further investigaiion is in order.

‘i‘:; 3. Band Switch Jumps

?%5 In the insertion loss measurements, significant

h“ Jumps in dB level occur at the band swit~-h frequencies of 70
f;; and 80 GHz. It is unclear why these discontinuities occur
%i? and further investigation into the problem and its solution
3¢' should be pursued.

‘;I“ 4. Maximum Uncertainty Calculation

EQ‘: As was discussed in Chapter IIT, the maximum

ﬁm‘ uncertainty of high return loss devices sometimes becomes
.":E uncalculable because the computation only takes into

§$& consideration the worst case coupler directivity. The plot
ik& may be more meaningful if the actual coupler directivity

;T; could be determined for each of the test frequencies and
3{# this value entered into the maximum uncertainty calculation.
Eﬁf Another approach might be to investigate an equivalent

; $ expression for computing the uncertainty which would prevent
g x forbidden function arguments from occurring.
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§. Plotter Parameters

Currently the only plotter in the program is the
HP-8872 series. The parameters as to graph size and pen
number has been entered into the computer code and can only
be changed by altering the code. The program could be
enhanced by prompting the user with a number of possible
plotter selections as well as providing the user with the
ability to determine the graph size and orientation and
allowing the user to select which pen is to be used for the

grid, labels, measurement plot, uncertainty plots, etc.
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APPENDIX A
USER’S GUIDE

A. SYSTEM CONNECTIONS

1. HP-IB should connect the HP-9845B Computer, HP-9872C
FPlotter and HP-87856A Scalar Network Analyzer.

2. The system bus should connect the HP-8786A Scalar
Network Analyzer and the HP-8350B Sweeper
Controller.

3. Ensure that the Hughes Millimeter-Wave Plug-In is
properly seated in the HP-8350B adapter and the ROM
modification installed, and that the unit is seated
in the Sweeper Controller. Make Reflectometer

connections to the front of the Plug-In.

B. SYSTEM START-UP

Once all connections are made turn on the units.
Default selections will be initiated on the Sweeper
Controller and the Scalar Network Analyzer. These values
need not be changed as the program will take care of this

later.

C. SYSTEM INITIALIZATION
1. Load the program from either disk or tape.
2. Press RUN.
3. The computer will display the scft key menui for

output and the operator has the following cptions:
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a. Using the key number six (K6)>, the operator can
read previously obtained and stored data from
the disk or tape. By pressing K6 the computer
asks the operator if he wants data from the Disk
(D) or Tape (C) and he can select either one and
press GCONT. Wrong choices will resul: in a
cont inued prompt for an acceptable choice. The
computer will then prompt for the name of the
data file. Enter the name and press CONT. The
computer reads the data from the file and then
returns to the soft key menu. The operator may
now either DISPLAY (K2) or PRINT (K3) the data.

b. Using the key K0, SELECT TYPE OF MEASUREMENT,
the operator can select any particular
measurement he wants by pressing:

Ki Insert on Loss
K2 Return Loss
K3 Both.
¢. Once the selection of measurement is made the

operator then enters the "DATA ENTRY" routine.

Rﬁ The computer wil{ ask the following:

(1) START frequency (GHz)

%ﬂ (2) STOP frequency (GHz)

e A WARNING may come up at this point which is
fﬁ

addressed in Chapter II, Section 4. The program

2 93
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will allow the operator to reenter the START/

STOP frequencies or the operator may continue.

(3) A menu of the number of data points desired
for the measurement is then presented and
the operator enters the appropriate letter.
The number of data points may not be

changed without RESTARTING the program.

At this point the system is initialized and the program

goes to the measurement subroutine selected.

D. RETURN LOSS MEASUREMENTS

1.

The calibration routine is executed first. The
operator is prompted to connect the adjustable short
and press CONT; Refer to Figure 2a for the
connection with the sliding short as the DUT. As
the program 1is executed the operator is prompted to
move the sliding short to 10 different p;sitions.—-
[t is recommended that the operator move the sliding
short from its minimum position to its maximum
position in 10 equal steps ensuring that the length
of travel exceeds 2.5 mm to allow proper computation
of the maximim and minimum calibration averages.

The program now executes the Device measurement

subroutine, the operator connects the DUT and labels

it (up to 32 characters).
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ii: 3. Once the measurement is made the soft key main menu

3&‘ comes up and the operator may now select an

‘{ﬁ appropriate output (See OUTPUT section).

&: E. [INSERTION LOSS MEASUREMENTS

ﬁ* {. The operator is first asked if the A-coupler will be

iég removed during the Insertion lLoss calibration or

.zg measurement which he must answer "Y" for yes or "N

. for no.

vy

jﬁ 2. The program first executes the Return Loss

;€Q Calibration if it has not done so already (Refer to

' Section Dl).

1§§ 3. The program will ask the operator to connect the

VEE B-coupler and the reflection coefficient of the

.r B-coupler will be measured, IPpI.

"‘EE 4 The software will ask the operator to connect the

?ﬁ DUT and its input reflection coefficient will ke

i measured (SllDUT) followed by the output reflection

;ig coefficient measurement (SzzDUT). In both cases the

:Ej maximum reflection coefficient will be evaluated

ﬁ:ﬁ using the value of 1S;5! from the caiibration data.

EE? 3. Based on whether or not the A-c~u:>ler is present,

‘iﬁ the program will now compute the value of ITgl. The
; program then executes the Insertion Loss Calibration

:}: Average subroutine and the walue of the calibration

.,:E.

5» S P B T e e T N T N T, S
AN A .., .'Q" -{ (._.-_- -n’ ‘ Jﬁ-.-l"_-f -._-’Z._J' 1".«" T Lot vl ... -

> T T S Y e NN S
.#"_?‘___r_.,; G o .; “‘,‘.‘a.l‘“*::a}{"




“RD-A175 265

UNCLASSIFIED

IMPROVING THE PERFORMANCE OF R MILLIMETER-WAVE SCALAR
NETWORK ANRLYZER(U)> NAVAL POSTGRADUATE SCHOOL MONTEREY
CR D E FALKNER SEP 85

2/2




EENr YA Jerryiry 2% Py
At At ah LR L WY il

Y-

2 22
= oz

=
="y

s s e
{

4

o
FEEEE

I

ngEE

-

u
u

.

y ;
ki
__YROCOPY RESOLUTION TEST CHART

S g————— -

b

G jj2o

|
|
!
\
|

AR IS VIR VPR AS o



average (Through) is measured. No operator input is
needed for this step.

The device under test is now inserted and the
ISlanTI is measured followed by the measurement of
the 155,PUT| which is in fact the Device
Measurement.

The operator will now label the device and upon

p~ ssing CONT the prograh will return to the soft

key main menu for output selection.

QUTPUT
1. The following options are available from the soft
key menu for the output:
a. Kl PLOT DATA. The computer executes
successively the subroutines Initialize,
Compute scale, Label scale, Label frequency,
Label device, Label loss and Plot data. At
this point the operator may choose to output
the graph to the internal thermal printer
(Press "P"), to the HP-8872 Plotter (after
piacing paper in the "landscape" position
and pressing "Q") or returning to the soft
key menu by pressing CONT.
DISPLAY DATA. The computer executes the

display data subroutine. Eleven lines are

P o J""“P'h"""-‘—‘— r.-;,-‘ LS. \ I'?.I
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232 displayed each time the operator presses the
| CONT key.

;ﬁt c. K3 PRINT DATA. The computer executes the print

é%g data subroutine, data are printed and the

l“ program resumes the soft key main menu.

ﬁ& d. K7 PRINT INTERMEDIATE VALUES - INSERTION. The

%g' operator has two options:

: (1) DISPLAY DATA (K7, CONT)

§§ (%) PRINT DATA (K7, Y, CONT)

g% Note that since these values are the same

& and independent of the DUT one copy of them

;;3 is needed. The values which are presented

;&7 are:

R (1) 185, 1DUT

';?:2:::' (2) 18,51DUT

f%? (3) 1844100 yay

e (4) 18551007,

ﬁﬁ (8) 1P "1

':}i:' (8) Il

" (7) Avg. = Insertion loss Calibration

éé Average (Through).

$‘ e. K9 PRINT INTERMEDIATE VALUES - RETURN LOSS.

29‘ The operator has two options:

:E‘,i,‘:' (1> DISPLAY DATA (K89, CONT)

Eﬁ% (2) PRINT DATA (KS, Y, CONT>

?*ﬁ Note that since these values are the same

ig . _and independent of the DUT one copy of them

2
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S is needed. The values which are presented

are:
g% ' (1) RI{X) = Maximum Calibration Aver#ge
; (2) RR(X) = Minimum Calibration Average
?&' (3) R(X) = Calibration Average
-?" (4) R6(X) = Spp of Calibration Data.
%g: f. K8 STORE DATA TO A DISK OR CASSETTE. The
ol program executes'the disk storage
g% subroutine. The operator has two options:
$% (1) GStore data into a disk (K5, D, CONT,
ﬁkf FILE NAME, CONT), here mass storage is
;E' “1Fn". |
f%s (2) Store data into a cassette (K5, C,
' CONT, FILE NAME, CONT), mass storage is
*?j "“:Tn (default is T18).
§E§ Disk storage is preferred since access time B
A is less on disk. The operator can use up to
};* 8ix (6) characters to name the file and care
Eﬁ must be taken here to avoid duplicate file
h@ names. Regardless of the file name, the
Sr‘ original DUT label will remain the same.
iﬁi After data storage the program returns to
i. the scft key main menu.
1o €. K4 NEXT MEASUREMENT. The program executes the
;*gg Device measurement subroutine. The same
l#: calibration data will be used for any DUT at
g@: . the same frequency range. The operator
g z
e
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should insert the new DUT and then press the
GONT key. The Return Loss and/or Insertion
Loss s\ oroutines will be followed minus the
calibration portions (Dl and EZ,3).

. h. K8 RESTART. The program resumes the TYPE OF

i MEASUREMENT menu for a completely new

R measurement beginning at C3b of the Users

Guide.

o R A

i)
i

~ o e i b

N

- g

-
g’

99

o a’” P

i
* '

1]
A A DA I I DR A A a0 LY WA o X
) 0~f.’e,‘,'v.'. DEOAUALIS 00 4:, _’;a}.‘” J "y Tk, 0'. 4

1 , ! W, (v P PR PR PR TR TR ¢ : ‘.. " o
L1l " LA, PGV TN i ¢ SRR TS P .u..... \ ,‘w }l,.t'h 3’0 :’»g‘?""s"'.‘




T ew Loy U YWTE T ITETY la Ada ad i )

APPENDIX B
PROGRAM LISTING AND VARIABLES

A. PROGRAM LISTING

The program used for the improved Millimeter-Wave Scalar
Network Analyzer is "MMWSNA". This program is available on
Hewlett Packard 8-1/2" single sided floppy disk or on HP

tape and a listing is provided at the end of this Appendix.

B. LIST OF VARIABLES
The variables used for the "MMWSNA'" program along with

their definition are as follows:

A - Start frequency (GHz)
AQ - HP-8756A Scalar Network Analyzer address
A - Temporary string variable
B - Stop frequency (GHz) ]
BS - Data storage device type
C - Band sweep time (msec) p
DCX) - Data points for loss computation
D1(X) - Temporary variable for low-band data
peints
D2(X) - Temporary variable for mid-band data
points
D3(X> - Temporary variable for high-band data
points
D10(X,Y) - Return loss calibration data points
F - Data point frequency for printout 4

Fi - Mid-band measurement flag

P! ‘. 8
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High-band measurement flag
Frequency START/STOP warning flag
Data file name

Insertion Loss Calibration Flag
Return Loss Calibration Flag

Loop variable

Temporary stfing variable

Loop variable

Maximum calibration average in dB for
printout

Minimum calibration average in dB for
printout

Total plot range (dB)
Maximum plot walue (dB)
Intermediate plot narkings

Linear Average of the Maximum and Minimum
Loss (dB)

Temporary variable for computing maximum
value of plotting scale

Maximum Loss (dB)

Minimum Loss (dB)

Mode (i=Insertion, Z=Return, 3=Both)
Plotting flag for Insertion Loss
Label for DUT

Step counter based on number of data
points

HP-S872 Plotter address

Maximum value for plotting loop
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Ps
R(XD

R1(X)
R2(XD)
R3(X)
R4(X)
RS(X)
RE6(X)
R7(X)
R8(X)
RI(X)
R10CX)
RILCXD
R12¢(X)
R13(X)
R14(X)
R1B(X)
R16(X)
R17(X)
R18(X)
RB18CX)
S0

S1

Label for type of loss

Linear average of the calibration maximum
and minimum

Maximum dalibration average
Minimum calibration average
Uncertainty of Return Loss
Maximum value of Return Loss
Minimum value of Return Loss

Sgp of calibration data
Uncertainty of SBEDUT measurement
Uncertainty of SzzDUT measurement

DUT input reflection coefficient

DUT
Si2

SleUT and Insertion Loss

Maximum value of Insertion Loss

Insertion Loss Calibration Average
Minimum value of Insertion Loss
Maximum value of SllDUT

Maximum value of 5339UT

Return Loss

HP-8350B Sweeper Controller address
Band start frequency

Band stop frequency

Loop variable

102




X1

X2

~ Loop

~ Loop

~ Loop

-~ Data

_Sz

AN L

DUT
1

0y
8%

variable

variable
variable
point index counter

in dB for printout

103

- SIS T TP -'.’-._...-"- -
W .0 v ¢ - \f L) e A3 "‘a ".‘ A ~be o

-----




Ot
@
-'.'ai:
o PROGRAM LISTING
"E‘
b
;,‘) 19 !
"( 20 ! FARRARRERRERRRERE M M WS N PR FREFARRRERIRERRRRRRERRRS
» 30 ¥
,ir 40 !
‘?‘ 50 ! This program was developed by David E, Falkner, LT, USN,
.0‘ 63 ! It is a modification of the "AEK" PROGRAM developed by
ot 78 ! ELIA GATSOS (LT> HELLENIC NAvVY
88 ! The features of this PROGRAM are :
T 9@ | RETURN and/or INSERTION LOSS MEASUREMENTS,
' 180 ! COMPUTATION of RETURN and INSERTION LOSS UNCERTAINTIES,
%(. 110 ! DISPLAY , PRINT , STORE , RERD of all parameters involued,
!‘ 120 ! PLOTTING of results on either the HP-9845 thermal printer
DAL 138 ! or the HP-9872 plotter.
:“Q 148 ! This set up uses:
1“‘ 130 1 (a)HP~8330B SWEEP OSCILLATOR Wwith HUGHES 60-98 GHz Plug-in,
160 ! (b>HP~8756A SCALAR NETWORK ANRLYZER,
170 ! (¢)HP~9845B COMPUTER,
25y 180 ! (d)HP~9872C PLOTTER.
190 !
o 200 | #xrrrxarxarxrrs® MRIN PROGRAM # ¥ %% X% % %X XXBEXREHEE
D) 210 !
: 3) 228 GOTO 340
N 230 GOSUB 720 ! INITIALIZE
S 240 GOSUB 918 | PLUG-IN
259 GOSUB 998 ! STRRT/STOP
260 Hi=@ '
L ™ 279 IF N<>1 THEN GOSUB 1810! RETURN LOSS CRLIBRATION
b e 280 IF N<>1 THEN GOSUB 3970! MEASURE RETURN LOSS
N 299 IF N<>2 THEN GOSUB 2258! INSERTION LOSS MEASUREMENT
2 300 IF N=1 THEN GOSUB 4920
. ate !
oAy 320 ! Soft-key menu for output
i 330 |
340 BEEP
- 356 DISP
P A 360 GCLERR
%Y 370 PRINT PAGE
“‘ 380 PRINT LINC16),CHR$C131);"SELECT FUNCTION: “;CHRS$(128)
My 390 PRINT
na 40@ PRINT
;" 410 PRINT "kO:Select type of Measurement (INSERTION,REFLECTIGON,BOTHY"
AN 420 PRINT
430 PRINT "k1:PLOT data k2:DISPLAY data k3:PRINT data k4:NEXT meas kS:RESTART"
ot 440 PRINT
"' 450 PRINT "kS:STORE data to DISK or TAPE k6:RERD data from DISK or TRPE *
§ 460 PRINT
o 470 PRINT "K?7:Display intermediate values for INSERTION “
\ 48@ PRINT
‘w 498 PRINT "k9:Display intermediate values for REFLECTION *
l' S@0 PRINT
e ’ 518 ON KEY #@ GOTO 239
520 ON KEY #1 GOTO 4369
- 538 ON KEY #2 GOTO %850
o 40 ON KEY #3 GOTO 6199
' $38 ON KEY #4 GOTO 289
::' 568 ON KEY #35 GOTO 7620
1 570 ON KEY #6 GOTO 7859
) 580 ON KEY #7 GOTO 8849
?"l 599 ON KEY #8 GOTO 620
oW 600 ON KEY #9 GOTO 8510
618 GOTO 618
620 OFF KEY #4
630 OFF KEY #8
Ly 648 GOTO 230
Lo 6%0
- 660 |

RS
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670
680
690
700
710
720
730
74@
7350
760
?70
780
790
809
810
820
830
840
830
860
876
88e
890
900
910
920
930
940
9%5e
960
970
980
990
1900
101@
1920
1030
1640
10350
1060
1670
1080
1090
1100
1110
1120
1130
1140
1159

1168
1170
11890
1190
1200
1210
1220
1220
1240
1258
1260
1270
1280
1290
1300
1310

AN

! SUBROUTINES
[}
|
! INITIALIZE

1

OPTION BRSE 1

COM S$0(321,P$(24),SHORT DC481)>,N$(32)
SHORT R(401),R1¢(491),R2(481),R3(401>,R4(401>,R5(481>,R6(401),R7(401),R3(401>
SHORT R9<4@1),R18¢401),R11¢491),R12(4D1),R13(401>,R134¢401)>,R15(491,,R16(481)
SHORT R17(481)>,R18¢401),R19¢401)

SET TIMEOUT 7;%@00

ABORTIO 7

CLEAR 7

LOCAL 7

REMOTE ?

S@=717? 183508 SWEEPER select

AB=716 !8756R NETWORK RNALYZER select
PO=70% 19872C PLOTTER select

PRINTER IS 16

H=Q

RETURN

]

! <PLUG-IN BAND LIMITS)>
1

RESTORE 9490

RERD L

RERD U

DATRA 60,90

RETURN

1

! <DATA ENTRY>
|
PRINT PRAGE
PRINT LINC1O),CHRS$C(131)>;" SELECT MEASUREMENT :";CHRS$(128)
DISP "ki: Insertion loss k2: Return loss k3: Both “
F=d
ON KEY #1 GOTO 1079
ON KEY #2 GOTO 1099
ON KEY #3 GOTO 1110
GOTO 1060
N=1
GOTO 1120
N=2
GOTO 1120
N=3
F3=0
PRINT PAGE
PRINT LINC10>,CHR$C1315;" DATA ENTRY: ";CHR$(128)
PRINT "All frequencies are entered in GHz.Both channels of 28756 same szensi

DISP "START Frequency (GHz) “;
INPUT R

IF (R<(=U) AND (A>=L)> THEN GOTO 1210

BEEP

GOTO 11690

DISP "STOP Frequency (GHz)>";

INPUT B

IF (B<=U> AND (B>=L) THEN GOTC 1260

BEEP

GOTO 1218

IF AC(B THEN GOTO 1239

BEEP

GOTO 1120

IF FS=1 THEN GOTO 1450

IF (FS=B) AND ((AC>60) AND (R<>7@> AND YA<»8@>) THEN G0TO 1
IF <FS=3) AMD < (B<>78> AND ¢B< -89 AND (B<C:23>> THEH GOTO 1
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GOTO 14%0

PRINT PAGE

PRINT LINC18),TRBC(25),CHRSC131);" >>> WARNING << ";CHR$(1237

PRINT LIN(2);"Measurements taken with endpoints other than 59, 79, 23, or

PRINT “99 GHz may result 1n misleading data. In these cases s3eparate band

PRINT "measurements should be made."
PRINT LINC1O>
DIsP

BISP "Do you want to continue with the present START/3TOP frequencies (Y/N

INPUT T$

IF Ts="y" THEN GOTO (458
FS=1

GOTO 1130

C=100

PRINT PRAGE

PRINT LINC16>;"SELECT LETTER CORRESPONDING TO THE DESIRED NUMBER OF DARTA P

PRINT

PRINT TAB(18)>;"A: 18 DATA POINTS"

PRINT TAB(10>;"B: 25 DATA POINTS"

PRINT TAB(10>;"C: 50 DRTA POINTS"

PRINT TAB(10>;"D: 80 DATR POINTS"

PRINT TAB(1@>;"E: 1288 DATA POINTS"
PRINT TAB(19>;"F: 200 DRTA POINTS"
PRINT TABC(19);"G: 408 DATAH POINTS"
P=@

INPUT Is

IF Is="A" THEN P=48

IF Is=a"B" THEN P=15

IF Is$="C" THEN P=8

IF Is$="D" THEX P=$

IF 1$=a"E" THEN P=4

IF 1s="F" THEN P=2

IF I$="G" THEN P=1

IF P<>@ THEN GOTO 1680

BEEP
GOTO 1460
PRINT PAGE

PRINT LINC12>,TABC1S),CHR$C131>;" INITIALIZING...PLEASE WAIT "jCHR$(12%)
OUTPUT RO;"PT19"

OUTPUT s@;"1P"

QUTPUT R@;"IP"

WAIT 4000

QUTPUT R@;"C2"

QUTPUT AB;"CB"

QUTPUT AB; "RP6"

RETURN

! {RETURN LOSS CAL.>

1

PRINT PAGE

SHORT D19(18,401)

PRINT LINC1@>,TAB(20),CHR3C(131>;" RETURN LOSS CRALIBRATION ";CHR$ 123>
Hi=]

DISP "“Connect the adjustable short and press CONT."

BEEP

PRUSE

rIsp »

FOR J=1 TO 10

IF J=1 THEN GOTO 195@

PRINT PAGE

DISP “Change position of adjustable short and press CONT after BEEP."
PAUSE

prsp » o
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19%@ OUTPUT RV "AR" | #%#% SELECT A R MEASUREMENT =+
1968 GOSUB 7310 ! +x% 38350 SETUP #%<
1979 GOSUB 6620 ! #x%%# READ 8756 ##+
1980 FQOR X=1 TO 4901 STEP P
1990 D1@<CJ,X>=D(X>
2089 NEXT X
2919 BEEP
2020 NEXT J
2030 PRINT PRGE
294€ PRINT LINC12)>,TABC(18>,CHR$CI31);" COMPUTING CALIBRATION AVERAGE...PLEASE W
ALT “;CHR$C128)
2058 MAT R1=(@)
2062 MAT R2=(3)>
2079 ! RlI(X>(Maximum calibration average)=SQR(Varvr)
2089 ! R2(X)>(Minimum calibration average)=SQAR(Varvr)
2098 FOR X=1 TQ 401 STEP P
2108 R1(X>=zD1@C1,X%X)>
21180 R(X)>)=D1OC], XD
2120 NEXT X
2130 FOR X=! TO 4081 STEP P
2140 FOR J=2 TO 1@
2159 IF D1@CJ,X>>=R1(X) THEN R1<(X>=D18CJ, x>
2169 IF D1BCJ,%XO)<R(X> THEN R2(X)>=D10<¢J,X>
2178 ! R(X>(Linear average of the max and min)
2188 R(XI=(10~C(R1(X>/283+18~C(R2(X>,2053/2
2190 NEXT 7
2289 NEXT X
2210 RETURN
2220 !
2238 ! CINSERTION LOSS CAL. FOR S1i AND S22>
2240 !
2259 PRINT PAGE
2268 INPUT "Will A-coupler be removed during Insertion Loss calibration or meas
urement (Y-/NO" AS
2279 1F (As$s"yY") OR (A$="N") THEN GOTO 2309
2280 PRINT “Select either Y’ OR ‘N°*"
2290 GOTO 2280
2300 IF H=1 THEN GOTQ 252@
23T® PRINT LINC8)>,TAB(20.,CHR$(131>;" INSERTION LOSS CALIBRATION "iCHR$(128»;L1
NC1)
2320 PRINT
233@ IF Hi=] THEN GOTO 23Se
2349 GOSUB 1850
2358 PRINT PRGE
2368 PRINT “"GAMMA-L’ computation "
2370 PRINT Memmcmmmmccccmee e memem "
2380 PRINT "A/R, Connect the B coupler to the Test Port and press CONT."
2390 BEEP
2428 PRUSE
2410 DISP ",...taking data."
2420 GOSUB 7318 ! ##x SETUP 8350 ##%
2430 GOSUB 6620 ! #x% Read 8756 ##%#
244@ FOR X={ TO 401 STEP P
2438 ! RI13(X)=GAMMA-L
2460 R13(X>=10~(D(X)r20)/R(XD
2470 NEXT X
2480 IF As="N" THEN GOTO 3039
t

2499

2509 ! CINSERTION LOS3 S11 AMD 322 MEASUREMENT>
2518 !

2520 PRINT PAGE

2538 DISP

2548 M8=-3.99999999999E99
2359 M9=3,99939999939E99
2569 PRINT "S11-DUT|Max computation
2570 PRINT "ooemmmmmcoecccee o v
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2580
2599
2609
2618
26280
2630
2640
26359
2660
2670
2689
2699
27989
2710
2729
2730
2740
2730
27680
2779
2780
2790
2800
2818
2820
2830
2840
2858
2860
2879
2889
28960
2900
29180
2920
2930
2940
2950
2960
2970
2980
2996
3000
3010
302@
3038
3040
3950
3069
30870
3080
3990
3180
3110
3120
3130
3140
3139
3169
3170
3180
3199
3200
3210
3220
3239

PRINT "A/R,Connect the device under test in the forward direction "
PRINT " and press CONT "

BEEP

PAUSE

DISP “....taking data."

GOSUB 7310 ! ### SETUP 8350 #s%

QUTPUT RO; "AR"

GOSUB 6620 | #*#% Read 8756 ###

FOR X=1 TQ 4@1 STEP P

! RE=(S22 of calibration data)

! R9=(Reflection coefficient)

! R7(X)=(Uncertainty of the measurement)

! R17¢(X)=(Max value of S11-DUT)
R6=ABS(1B~(R1(X)>/20)-10~C(R2(X)>/20)>/7(18~(R1(X)/20)+10~(R2(X>/28))

RI=10~CD(X> /28> 7R(XD
R?(X)=RI*RI*RE+. 01
R17(X)®R7(X)+R9

NEXT X

IF As$="N" THEN GOTO 3509

PRINT PAGE

DISP

PRINT “$22-DUT|Max computation "

PRINT "eemcccccccaccncccnccaca- "

PRINT "AR/R,Connect the device under test in the reverse direction *
PRINT "and press CONT"

BEEP

PAUSE

DISP "....taking data."

GOSUB 7310 ! ##* SETUP 8350 ###

OUTPUT AB; “AR*

GOSUB 6620 ! #%* RERD 8736 ###

FOR X=1 TO 401 STEP P

! RE=(S22 of calibration datad

! R9=(Reflection coefficient)

t RB(X)=(Uncertainty of measurements)

! R18(X)s(Max value of $22-DUT>
R6=ABS(18~(R1(X)>/720)~104~(R2¢(XI /281> /(1B~CR1(X),20)+1B~(R2(X)>,28)>)>
R9=10~(DC(X>,20)/R(X)

RB(X)>mRI*RI*RE6+,01

R18(X)>aRB(X)+RS

NEXT X

IF A$="N" THEN GOTO 3330

1

! <INSERTION LOSS CAL. FOR S12 AND S21>

t

PRINT PRGE

IF As="Y¥" THEN GOTO 30889

PRINT "GAMMA-S’ computation and INSERTION LOSS CALIBRATION *
PRINT " -mmmmmrmr e e e "
IF As="N" THEM GOTO 3160

PRINT "GAMMA-S’ computation and INSERTION LOSS CALIBRATION *

PRINT "Change A/R to Bs/R THEN Remove A-coupler,Insert the B coupler and"
IF H={ THEN GOTO 3370

PRINT “press CONT"

H=1

BEEP

PRUSE

DISP "....taking data."

GOSUB 7310 | ##% SETUP 8350 ##3x

OUTPUT RO; "BR"

GOSUB 6620 | #*x* READ 8756 #*#%

FOR X=1 TO 401 STEP P

! R14(X>s(GAMMA-S " =.,2 1f A-coupler is removed)

IF As="Y" THEN R14(X)>=,2

RE=ABS (1O~ (R1(X)/20)=-18~(R2(K>-20>)>/ (1B CR1(X)/20)+10~(R2(K)-20) "
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L) ' 3240 | R14(X)s(GAMMA-S/%S22(from calibration data +.9% if RA-coupler i3 1ny
L3 3258 IF As$=“N“ THEN R14(X)=R6+,0S
ﬂ 3260 | R1%(X)=(Insertion Loss Calibration Average>
Ay 3270 R15(X)=18-¢(D(X)>/20)
.g| 3280 NEXT X
R : 3298 IF As="N" THEN GOTO 2520
. 3300 !
i 3310 | <INSERTION LOSS S12 AND 521 MERSUREMENT>
“ 3320 !
e . 3330 PRINT PAGE
S 3340 PRINT "S12-DUT computation *
Tyl 3350 PRINT “-mcmmmmcccmceac—caaen “
“* 3368 IF A$="N" THEN GOTO 3419
? 3378 PRINT “Connect the device under test (in the reverse direction)”
+ 3388 PRINT " and press CONT" ’ '
339@ BEEP
. 3400 PAUSE
A - 3418 DISP "....taking data.”
N 3420 GOSUB 7310 ! »»+ SETUP 8350 ##+
‘ 3438 OUTPUT RAB;“BR"
£ 3440 GOSUB 6630 ! ### RERD 8756 ###
N 34580 FOR X=t TQO 4@1 STEP P
W 3460 | R18¢X>=(S12-DUT)
b 3478 R1B(X>=10~(D(X>,28>/R15(X)

3488 NEXT ¥
3490 IF Ass"N" THEN GGTO 3700
3500 PRINT PAGE
o 3510 PRINT "$21-DUT computation "
"G 38280 PRINT "~rememcccacrnccccce “
B> 3538 IF Ass=*"N" THEN GOTO 3580
3%48 PRINT "Connect the device under test (in the forward direction)"

3550 PRINT "and press CONT"®
3568 BEEP
3570 PRUSE
" 3580 DISP "Taking data ...."
5_ . 3590 M8=-9,99999999999E99
\ 3609 M9=3,99999999999E99
3610 GOSUB 7318 ! ### SETUP 89350 #»#
s 3628 OUTPUT A@;“BR"
*% 3630 GOSUB 6620 ! #x& READ 8756 ##x
A0 3640 FOR X=»1 TO 401 STEP P
3650 ! R11(X>=(S21-DUT>
3660 R11<(X)=10~C(D(X)s20)/R15C(X>
N 3670 NEXT X
3688 IF As$="N" THEN GOTO 2770
36%0 !
o 3700 ! CINSERTION LO0SS COMPUTRTION>
. 3710 1
N !
Ko 3729 PRINT PAGE
¢ 3730 DISP
3740 PRINT LINC12),TRBC1%),CHR$(131);" COMPUTING INSERTION LOSS ";CHR$(128)>
. 3758 FOR X=1 TO 401 STEP P
) 3760 I R12(X)>=(1+(Gamma-S ) #(Gamma~-L )>)>*(S21-DUT>
> 3770 RI12(X>=(1+R14(X>#R13(KXIIX#ABS(RI1(XD>)
1>~ 3780 ! RO=(1-(Gamma-5S) " #(S11-DUTH»>*(1-C(Gamma=-L’>#(S22-DUT>>=-(S12-DUT>*<S21-DUT>
& #(Gamma-S’>#(Gamma~-L">
/ 3790 R9=(1=«RI7(XD#RI4(XII#(1-RIB(XD*#RII(XI>)=-RIB(XI*#*R11(XI*R1I(X)*R14(X)
3$ 3800 | R12(X>=(Maximum value of INSERTION LOSS>
Ve 3810 R12(X)>=20%#LGT(R12(X>/ABS(RI))
3820 I R16¢AI=(1-(Gamma-S ) #(Gamma-L )>)>*#(S21-DUT>
' 3830 R16(X)a(1-R14C(A)*R1I(XDI*ABSC(RIL1(X))
3\ - 384Q ) RI=(1+(Gamma-5/)#(S{1-DUT)»>* i+ (Camma~-L >*(322~DUT>+(512-DUT #(521-DUT)>*
4

(Gamma-L’)>#(Gamma-S’>

’_ 3850 RIM(1I+RI7(XI#R14(XII*(1+RIB(XKI#RIB(XKIDI+RIDIXI*RIIC(KIXRIZIXIXRIAITK)
% 3860 ! R16(X)=(Minimum value of INSERTION LOSS>

K 3878 | R11¢(X>=CINSERION LOSS)
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3880
3890
3900
3910
3929
3930
3940
3950
3960
3970
3980
3990
4900
4010
40820
4030
4040
E key.
4050
4860
4979
4089
4090
4100
4110
4120
4130
4140
4150
4160
4179
4180
4199
4200
4210
4220
4239
4240
4230
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4429
4430
4440
4430
4460
4470
44890
4490
4300
4510
4520
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R16¢(X)=2@#LGTC(RI6C(X> ABSC(RI)> )
R11CX)=20#LGTC(RIL1C(X))
M3=MAX(M8,R12¢(X))
MI=MINIMI,R16(X))

NEXT X

RETURN

|

! <DEVICE MERSUREMENT - RETURN LOSS>

]

PRINT PAGE
PRINT LINC8),CHRS$C(131>;" DEVICE MEASUREMENT ";CHRS$C128);LINCL)
PRINT " Connect the Test Device to the Test Port and press CONT.*
BEEP

PAUSE

DISP

BEEP

LINPUT "Enter the Device label (up to 32 characters) and press the CONTINU
" 'N‘

IF N=1 THEN RETURN

DISP "Taking data,.."
M8=-9,99999999999E99
M9=9,99999999999E99

GOSUB 7318 ! #»#s% SETUP 8350 »##

OUTPUT AB; “AR*

GOSUB 6620 ! #»## READ 8756 ##+
FOR X=1 TO 401 STEP P

! R19(X>=(Return loss -linear)

I R6(X)=(S22 from calibration data)

R19(X)=10~(D(X)/20)>/R(X)
RE(X>=ABS(10~(R1(X)>/20>-10~(R2(X)/728)>)7C10~(R1(X)/720)+19~(R2(X>/20>)
! R3(XI)=(Lncertainty of RETURN LOSS MERSUREMENTS)
RI(XIXRLII(XIXRII(XI#RE6(X)+. 01

! R4C(XIm(Maximum value of RETURN LOSS )
R4(X)>)=20#LGTC(RIF(XI+RI (X))

I RS(X)=(Minimum value of RETURN LOSS >

]

' 1If the uncertainty exceeds measurement then default

]

IF RICXICRIF(K) THEN RS(X)>=20+#LGT(RII(XI-RI(X)

IF R3(X)>aR19(X) THEN RS(X)=20#LGT(10~¢-6))

R3(X)>=20#LGT(R3(X))

R19¢(X>=20#LGT(R19(X>)

IF R6<(X>=3 THEN GOTO 4312

REC(XD>=20#LGT(RECX))

]

M8=MAX(MB,R4(X))
MI=MINCMI,RS(XD)
MEXT X

RETUN

|

] <PLOT DATA>

[}

Ni=@

IF N=1 THEN Ni=1}

Ags N

! SUBROUTINES FOR <PLOT DRTR>
GOSUB 4540 !Initialize
GOSUB 4699 !Compute scale
GOSUB 4830 'Label scale
GOSUB 4940 !Label freq
GOSUB 5089 'Labe) dev
GOSUB 5140 'Label loss

IF A$="Q" THEMN RETURN
GOSUB $238 'Plot data

GOTO 320 ! Return
[
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4530 ! " Initialize
. . 4%40 PLOTTER IS 13,"GRAPHICS"
4550 GRAPHICS
4560 GCLERAR
45?8 SCALE -18%,1065,-11%0, 100
4580 PEN
. 45990 AXES :08,123,0,-1000
4609 IF A$="Q" THEN PEN 2
4610 GRID 100,125,0,-1000

g 4620 IF ASa“Q" THEN PEN 1
1%3 4630 FRAME

Sy 4640 FRAME

44 46%0 RETURN

ol 4660 !

Eﬁ 4670 ! Compute scale
g 4680 !

4698 FOR Iaf TO 8
4700 READ M3

o 4710 IF M3>=n8-M9+M3,/8 THEN GOTO 4730

T 4720 NEXT I

14y 4730 RESTORE 4740

LA 4748 DATA .8,1.6,4,8,16,40,80,160

e“ 47%0 ME=(MB8+M9) /2

f“a 4768  M7=M6 MOD <(M3/8)

k; 4770  IF M7<=M3/16 THEN M4=ME-M7+M3,/2

A 4780 IF M?>M3-16 THEN M4=ME-M7+M3/2+M3/8
4798 RETURN

N 4800 !

» 4810 Label scale

!’ 4820 !

b 4838 M3sM4

a.; 4840 LDIR @

s 48S@ FOR 1=0 TO -1000 STEP -12%

e 4860 MOVE -%0,!

4878 LABEL VALS$C(ABSC(MS))
4880 M3=M3-M3-/8

0y 4890 NEXT 1

A - 4900 RETURN

) 4910 ! - _—
f 49208 ! Label frequency

4~ 4930

AN 494Q LDIR @

AR 4959 MOVE -15,-1030

4960 LABEL VALS<AD
4970 MQVE 985,-1030

K% 4989 LABEL VALS$(B)
i 4990 T$=VALS$((B-A>/10>4" GHz/diu*
Y 5800 MOVE 430,-1030
¢? 5010 LABEL T$
o, 5020 MOVE 260, -109%
X . 5030 LABEL "Start~/Stop Fregquency(GHz>"
b 5048 RETURN
50%0 !
Se60 ! Label device
- 5070 !
- 5980 MOVE 390,30
i3 $090 LRABEL Ns$
o 5108 RETURN
: 51190 !
5120 ! Label loss
5130

S148 LDIR P1,2

5150 IF Ni=l THEN P$=* INSERTION LOSS(dB>"
Ay, 5160 IF N1=@ THEN P$="RETURN LOSS(dB)>"
5} 5178 MOVE -100,-700@

s18@ LABEL P$
N
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3190
3200
S210
5220
5239
3240
3230
3268
Saz7e
S280
3290
300
3310
332e
$330
3349
33358
3360
3370
I38@
3399
S400
J418
3420
S430
S440
34350
S460
8479
S4880
5490
3500
SSie
3520
$330
SS4e
5550
55680
SSve
5580
3S90
S60e
5610
5628
S63@
3640
$6350
5669
S679
S680
Sé9e
S7e0
S710
S$728
S?3e
3740
3750
$760
5770
S780
S79e
Seoe
ss81e
S820
$830
5840

»
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RETURN
!

! Plot data for RETURN LOSS
\

Pl=4@1 ! ##% NUMBER OF FREQUENCY POINTS ###
IF Ni=1 THEN GOTO 3570

FOR X=9 TO P1-1 STEP P

PLOT X#1800/(P1=1),~-((M4=-R19(X+1>)>#1008/M3>
NEXT X

PENUP

IF A$="Q" THEN RETURN

FOR X=@ TG P1-1 STEP P

PLOT X#1008/¢P1-1),-((M4-R4(X+1))>#1080/M3)
NEXT X

PENUP

IF AS="Q" THEN RETURN

FOR X=8 TO P1-1 STEP P

PLOT X#10008/¢P1-1),-C(M4-RS(X+1))>#1008/M3>
NEXT X

PENUP

IF A$=“Q" THEN RETURN

WAIT 3000

PRINT PAGE

Agmu X"

PRINT "“Press P to output graph to 9845B printer,"
PRINT "Press Q to output graph to 9872C plotter,"
INPUT "otherwise just CONT",AS$

IF A$s"P* THEN DUMP GRAPHICS

IF As="Q" THEN GOSUB 8950

Agmnx"

IF N=2 THEN EXIT GRAPHICS

IF N=2 THEN RETURN

Nisi

'

' Plot data for INSERTION LOSS
]
PRINT PAGE
GOSUB 4419
-FOR X=@ TO P1=t STEP P
PLOT X#1008/C(P1~-1),-C(M4=-R11(X+1))%#1000/M3>
NEXT X
PENUP
IF A$="Q" THEN RETURN
FOR X=@ TO P1-1 STEP P
PLOT X#1000/(P1-1),-((M4=-R12(X+1>)*%1000,M3)>
NEXT %
PENUP
IF As="Q" THEN RETURN
FOR X=@ TO P1-1 STEP P
PLOT X#1000/(P1-1)>,~-C((M4-R16(X+1>>%18006/M3)
NEXT X
PENUP
IF As$="Q" THEN RETURN
WAIT 3809
PRINT PRGE
Agmux"
PRINT “Press P to output graph to 984SB printer,"
PRINT "Press Q to output graph to 9872C plotter,"
INPUT “otherwise just CONT",AS$
IF As$="P" THEN DUMP GRAPHICS
IF As="Q" THEN GOSUB 9139
EXIT GRAPHICS
RETURN
]

! <DISPLAY DATR>
'
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5850
b 3860
S87e
Se8e
38990
3900
3910
3920
3930
5948
59350
5960
5979
5980
5990
6000
6810
6020
6038
6040
6050
6068
6e7e
60880
6890
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6258
6260
6278
6280
6290
6308
6310
6329
6330
6340
6358
6369
6370
6380
6390
6400
6410
Unc"
6429
By
6430

6450

6460

Pi=d40l! +«#% NUMBER OF FREQUENCY POINTS *##
FOR X1=3 TO P1 STEP 11

PRINT PRAGE

PRINT "DEVICE UNDER TEST : ",Ns$
PRINT

ON N GOSUB 6410,6458,6410

FOR X2=1 TO 11#P STEP P

XmaxXi+X2

IF X>P1 THEN GOTO 3970
Fa(B-R)#(X=1>/(P1=-1)+A

ON N GOSUB 6520,6490,6520

NEXT X2

DISP “Press CONT,.."

PAUSE

NEXT X1

IF N<>3 THEN GOTO 320! RETURN
FOR X1{=9 TO P1 STEP 11

PRINT PAGE

PRINT "DEVICE UNDER TEST : “,Ns
PRINT

GOSUB 6450

FOR X2=1 TO 11#P STEP P

X=X1+X2

IF X>P1 THEN GOTO 6120
F=(B-AY#(X=-1)/(P1-1)+RA
GOSUB 64950

NEXT X2

DISP “Press CONT..."
PRUSE
NEXT X1
GOTO 320 !
|

! <PRINT DATR>
!

RETURN

P1=2491 | #x#% NUMBER OF FREQUENCY POINTS ###
PRINTER IS @

PRINT "DEVICE UNDER TEST : “;Ns
PRINT

ON N GOSUB 6410,6450,6410

FOR X=1 TO P1 STEP P
Fa(B-RA)#(X~-1)7(P1=-1)+A

ON N GOSUB 6520,64%90,6520

NEXT X

IF N<>3 THEN GOTO 6360

PRINT "DEVICE UNDER TEST : ";Ns$
PRINT

GOSUB 6450

FOR X=1 TO P1 STEP P
Fa(B-A>#(X=1)/7(P1-1)+A
GOSUB 6490

NEXT X

PRINTER IS 16

GOTO 328 ! RETURN

!

! Formatting
!

€440

PRINT " Frequency Insertion Max Ins Min Ins Max Unc Min
PRINT * (GHZ) (dB> (dB> (dB> <dB> <d
PRINT *
RETURN
PRINT “* Frequency Return Max Ret Min Ret Uncer 322
PRINT *© (GHzZ) <dB> (dB> (dB> (dB: dJB




yu
6470
"

6480
6490
6500
6510
6529
6530
€540
€550
6560
€570
6580
6590
6600
6610
6620
6639
6640
6650
6660
§678
6689
6650
6700
6718
6720
6730
6740
6758
6760
6770
€780
6798
6800
6810
6820
6830
6840
6850
6860
€870
6880
6898
6900
69180
6920
€930
6940
6950
6968
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7870
7080
7090
7100

PRINT "

RETURN

IMAGE 6X,DD.DD, 5X,4D.DD, 5X,4D.DD, 4%, 4D, DD, 4X,4D.DD, 4X, 4D, DD

PRINT USING 649@;F,R19¢(X>,R4(X),RS5C(X),RICX),RE(X)

RETURN

PRINT USING 6490;F,R11(XD>,R12¢X),R16¢(X),R12¢X>=R11(X>,R16(X>-R11(%)
RETURN

[}

! DEVICE DEPENDENT

! SUBROUTINES
| memmwmmccccccecm————————————

]

! <8756 READ ROUTINE>

1

SHORT D1<481),D2¢481),D3¢481)
F1=0

F2=@

OUTPUT RAB;"C1"

OUTPUT AD;"SDS"
OUTPUT AQ; “RLO"

IF (F1=1> OR (F2=1)> THEN GOTO 6709
WAIT 2000

WRIT 1900

QUTPUT RO; "SH*

CUTPUT RB;“FDE“

OUTPUT ARG} "OM"

IF Fi={ THEN RETURN

IF F2=1 THEN RETURN

ENTER A@ USING "F";D1(#)

1

| ##% UPPER TEST FREQUENCY REACHED? *x%
1

IF S2=B THEN GOTO 7130

]

| #%% IF NOT THEN GOTO NEXT BAND ###
1

GOSUB 7460

Flel

GOSUB 6658

ENTER AB USING “F";D2¢#)

Fl=0

]

| #%# UPPER FREQUENCY REACHED? ###
1

IF S2=B THEN GOTO 7170

1

! ###% IF NOT THEN NEXT BAND ##»
|

GOSUB 7460

F2=}

GOSUB 66358

ENTER AR@ USING "F";D3C(#)
F2=90

Y=1

FOR X=t TO 401

IF Y¥>802 THEN GOTO 78989
IF Y>401 THEN GOTQ 7079
DCX>=DLCY)

GOTQ 7180

D(X>=2D2(Y-401>

GOTO 7100

DC(X>=aD3(Y-802>

Y=yY+3

e e T4
3 CRERES
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7110
7120
7130
7148
7150
7168
717e
7180
7190
7200
7210
7220
7239
7249
7250
7260
72709
7289
7290
7300
7310
7320
7330
7340
7350
7360
7370
7380
7390
7400
7410
7429
7430
7449
7450
7460
7470
7480
7490
7509
7318
7520
73530
73540
73550
7560
7?5709
7580
7390
7600
7610
7620
7630
7640
7650
7660
7670
7680
76989
7700
7710
7720
7730
7749
7759
?768

NEXT X

RETURN

FOR X=1 TO 401
D(X>=D1CXD
NEXT X

RETURN

Y=1

FOR X=1 TO 401
IF ¥>401 THEN GOTO 7229
D(X>=D1CY)
GOTO 7230
D(X>=D2(Y-401>
YaY+2

NEXT X

RETURN

!

' <8350 SETUP ROUTINE>

'

! ##% SET UP INITIAL FREQUENCY BRAND ##%#*
!

S1=A

IF (A<?70) AND (B>=7@> THEN GOTOQ 7390

IF (A>=78> AND (A<K80)> AND <(B>=88> THEN GOTO 7410
!

! ###% SWEEP FIRST SET OF FREQUENCIES ##*#
!

S2=B

GOTO ?S20

S2=79

GOTO ?S20

S2=80
GOTO 7520

|

I %#% SET UP NEXT SWEEP #%#
)

$1282

IF $2+10>B THEN GOTO 7370
$2=52+10

'

! <SET FREQUENCY>

[}

IMAGE "FA“,DD.DDD, "GZFB",DD,.DDD, "G2"
IMAGE "ST",DDDDD, “MS"

QUTPUT S@;"IPMD1"

OUTPUT S@ USING 7520;51,S2

QUTPUT S8 USING ?7530;C

RETURN

! DISK DRIVER QR CASSETE IN THE SYSTEM

! DISK OR CRSETTE STORAGE SUBROUTINE
PRINT PARGE

DISP "ENTER C FOR CASSETTE STORAGE, D FOR DISK STORAGE";
INPUT BS

‘IF (B$<>“C“> AND <B$<>"D“) THEN GOTO 7630
IF B$="C" THEN B$=“:TiS"
IF B$="D" THEN B$=":f"

DISP "ENTER FILE NAME";

INPUT Fs

PRINT PAGE

Fs$=F$BS

CREATE Fs,1010,120

ASSIGN #1 TO Fs

_PRINT #1;N$,R,B,P,M3,M6,M7,M8,M9

FOR X={ TO 401 STEP P
Fac¢B-A)#(X-1)/(P1-1)+A

118




7770 RE(X)WABS (1B (R1(X)/21)-19~(R2(X)/20)>/(10~(R1(K) 20 +10~ R« i
1% 7780 IF RE(X)=@ THEN GOTO 7800
W 7790 RE(X)%28#LGT(RE(X))
[t " 78e@ !
N 7810 PRINT #1;F,R(X)>,R4CXD,RE(X),RI(XD,RI1(X),R12¢K),R16(X),R1BCA:,R131 X R1d4: &
Y, R17(X),RE6(X)
; 7820 HNEXT X

L]
‘

D
ot 7830 GOTO 320
7848 ! DISK OR CASETTE DATA RETRIVAL SUBROUTINE

N, 7850 PRINT PAGE
K\ 786@ DISP “ENTER C FOR CASSETTE READ , D FOR DISK READ";
@ 7878 INPUT B$
Hih 7888 IF (B$<>“C") AND (B$<>“D"> THEN GOTO 7860
e 7898 IF B$="D" THEN B$=“:F"

e 7988 IF B$="C" THEN B$=":T15"
N 791@ DISP “ENTER FILE NAME “;

Rt 7928 INPUT Fs
7930 FsaFsuBs
7948 ASSIGN #1 TO F$

LI%E
"':v 7950 READ #1;N$,A,B,P,M3,ME,M7, M8, M9
iy 7968 FOR Xs1 TO 4@1 STEP P
Jnde 7970 READ #13F,R(X),R4(X),R5CX>,R3(X),R11(X>,R12¢(X),R16¢X),R1BCX),R13¢ %), R14{X)
bl LRL7CRD, RECKD
AL 7988 NEXT X
‘:"| 7998 GOTO 320
B 8808 | | —mee e
ge19 ! DISPLAY or PRINT the INTERMEDIATE VALUES
e 8020 |  mmmee e
Y 8030 ! {Intermediate values for INSERTION>
" 8049 PRINT PAGE
8050 As="¥"
ﬁz 8068 INPUT "Do you want results printed ? (enter "Y’ for printout)",As
1 8078 IF As="y" THEN GOTO 8360
PO se8e !
g 8090 ! PRINT TO DISPLAY
g18e !
U 8118 FOR Y=8 TO P1-1 STEP 11#P
Y 8120 PRINT PAGE
N 8130 PRINT "DEVICE UNDER TEST : *,N$ —_
Iy 8148 PRINT
Ko 8158 PRINT
i 8160 PRINT
. 8178 PRINT * F s21 s12 $11 s22 GAMMA-S’  GAMMA-L*
Avg "
- 8188 PRINT °
. "
“0: ; 8198 PRINT
S 820@ FOR W=1 TO 11#P STEP P
Mo 8210 X=Y+W
ot 8220 IF X>P1 THEN GOTO 827@
,':. : 8230 Fa(B-A)>#(X-1>/(P1-1)+R
! 8240 2Z=10~CR11(X>,20)
82%9 PRINT USING 83183F,2,R18¢X>,R17(X),R6(X),R14(X>,R13¢(X>,R15¢(X)
= . 8260 NEXT W
18ty 827@ DISP “Press CONT . . . *
Y 828@ PAUSE
gl 8290 DISP
) 8380 NEXT Y
,:::, 8310 [IMAGE X,DD.DD,4X,DD.DD,4X,DD.DD,4X,DD. DD, 4X,DD. DD, SX,DD.DD, 5K, DD. DD, SX, DD.
¢ DD
A% 8320 GOTO 320
- 8330 !
- 8340 PRINT TO PRINTER
4'.“ 83%0 !
o 8368 PRINTER 15 @
N 8378 PRINT
w
3, “J
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3330
33%e
3e00
3410

Aug
840

PRINT “Device under test ! “;N$

PRINT

PRIMNT

PRINT F sat Si2 511 S22 GAMMA-3’ GAMMA-L~
PRINT

FOR x=y{ TO Py STEP P *

8430

9448
8438
8440
8470
8489
8490
8300
9310
8320
833@
8340
8550
8360
8379
9380
8398
8600
8610
8620
8630
8649
8630
8660
9679
8680
8690
8700
8710
8720
8730
8740
8735e
8760
877e
8780
8750
8809
8910
8820
8830
8849
8850
8860
8870
8880
8890
8909
8910
8920
8939
8948
89%e
8960
3979
8989
8990
9800
9010

FacB-R)#(X-1)/(P1=-1)+R

Z®1@~(R11(X>,20)

PRINT USING 8310;F,2,RIQCX),RI7C(X),RE(KI,R1I4(X)I,REI(XI,RLIT(K)
NEXT x

PRINTER IS 16

GOTO 320

' <Intermediate values for RETURN>

PRINT PAGE

Agm X"

INPUT "Do you want results printed ?(enter “Y’for printout’",fAs
IF As="y" THEN GOTO 8790

FOR Y=@ TQ P1-1 STEP 11#P

PRINT PRGE

PRINT “DEVICE UNDER TEST :",NS$

PRINT

PRINT

PRINT

PRINT * F R1(X) R2(XD RCX) RECXD "
PRINT "eveeecvoec e rcc e e et mc e e rr e s e e m oo "
PRINT

FOR W=1 TO 11#P STEP P

Xay+W

IF ¥X>P1 THEN GOTO 8740

Fa(B=-A)#(X-1)/7C(P1=1)+AR

K=13~(R1(X)>,20>

L=1@~(R2¢X)>720>

R(X>m(K+LD>v2

RE(X)=m(K=-L) s (K+L)

PRINT USING 8779;F,K,L,R(%)>,RE(X)

NEXT W

DISP “Press CONT . . . ., . "

PRUSE

NEXT v

IMAGE X,DD.DD,4X,DD.DD,4%X,DD.DD,4%,DD.DD,4X,DD.DD
GOTO 320

PRINTER IS ©

PRINT

PRINT "Device under test ! ";N$

PRINT

PRINT

PRINT * F R1(X> R2(¥X) R(XD RE(X> "
PRINT "eemmeme e e e r et m e e e e e cm e ncc e e mcme e m = "
FOR X=1 TO P1 STEP P

Fa(B-RA>#(X-1)/(P1=-1)+R

K®1@~(R1(X)>720>

L=1@~C(R2(X>-,20@

R(X)m(K+L)>s2

RECX)S(K~L)7(K+L)

PRINT USING 8770Q;F,K,L,R(X),RE6<(X)

NEXT X

PRINTER IS 16

GOTO 329

)

' #++ PLOT RETURN LOS3 ON 9872C PLOTTER <=+
1

PLOTTER IS 7,5,"9872R"

LIMIT 37,240,57,171

GOSUB 4560
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9020 GOSUB 4449

k. 9030 GOSUB S230 :

k>, 9840 PEN 3

. 9950 GOSUB 5300

3 9068 GOSUB 5350

18 9@78 PEN @

! 9080 EXIT GRAPHICS )
9890 RETURN .
9100 !

' $119 ! ##% PLOT INSERTION LOSS ON 9872C ###

’ 9120 !

p 9132 PLOTTER IS 7,5, "9872AR"

b, 9140 LIMIT 37,240,57,17!

o, 9150 GOSUB 4569

Q- 9160 GOSUB 4448

i 9170 GOSUB 570

9180 PEN 3

9198 GOSUB 35629
9200 GOSUB S670
921@ PEN @

9229 EXIT GRAPHICS
9230 RETURN

9248 END
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ey APPENDIX C

TABULAR DATA OF MEASUREMENTS USING SCHOTTKY BARRIER DIODE
DETECTOR : '

o Tabular data for the calibration and system accuracy of

the Automated Millimeter-Wave Scalar Network Analyzer using

S" the Schottky Barrier Diode Detector are contained in this

g

“
b: Appendix. An explaination of this data can be found in

Chapter III.
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TABLE II

PRINTED OUTPUT OF FIXED SHORT RETURN LOSS
DIODE DETECTOR

DEVICE UNDER TEST : FIXED SHORT

USING SCHOTTKY

Frequency Return Ma- Ret Min Ret Uncer sez2

(GHZ)> (dB> <dB> (dB> <(dB> <dB>
60,92 -.31 .53 -1.44 -18,%5% -18.70
69.15 ~-.74 .34 -1.98 -18,31 -17.57
68.38 1.18 2.87 -.61 ~13.49 -16.18
60,45 -.41 .66 -1.62 -18.11 -18.83
60.60 -.94 -.109 -1.87 -20.84 -19.98
68.75 1,02 2.39 -.60 -14.23 -16.86
68.99 .04 1.49% -1.64 -15.04 -15.863
61.03 -1.54 ~.40 -2.84 -18.63 -16.35
61.20 -.79 .32 -2.87 -18.07 -17.20
61.35 1.12 2.49 -.52 -14,21 -16.90
61.350 -.5%6 .71 -2.04 -16.6% -16.14
61.65 -1.43 -.31 -2.72 -18.67 ~-16.%9
61.880 .51 1.7 -.89 -15.04 -1?2.62
61.95% -.07 .93 -1.20 -18.34 -18.96
62.10 -1.13 -.18 -2.20 -19.87 ~-18.%1
62.25 .16 1.37 -1.2% -16.34 -17.2
62.40 .57 1.383 -.352 ~18.06e -19.90
62.355 -.92 -.09 -1.8S5 -20.82 -19.98
62.79 -.12 .92 ~1.29 -18.97 -18.%6
62.89 .70 1.6% -.37 -18.082 -20.14
63.00 -.66 .23 -1.43 ~22.086 -21.92
63.15 .42 1.38 ~-.66 -18.26 -19.84
63.39 .20 .93 -.69 -20.91 -22.34
63.45 ~.20 . &4 -.€7 -c%.88 -iT.a8
63.60 .35 1.19 -.13 -21.91 -ca. 17
63.75 .35 1.97 -.44 -20.88 -i2.%9
€3.99 ~-. 42 .18 -1.026 -23.32 -23.8¢€
64,05 -. 13 .29 -.91 -27.9%¢2 -32.:@
64,28 .15 .44 -.14e -29.39 -3d."a
64,35 -.82 .39 -.44 -6, 40 RN
64,30 -.3% I g -.39 -cd4.57 BRI
64.65 -.17 .e? -.865 -i%. 8 M
64,80 .16 L4 -.10 -30.3. -ta. e _
64,95 -.96 .28 ~.2T B P
€%5.10 -.31 .18 -. 73 -l%..8. ~eS
€5.2% -.04 .36 -.46 -d6. % s =
65,48 .2 .82 -.13 8.9 -ii.39
65.55 -.02 .23 -.29 -30.69 -4, 4
65.70 -.39 .13 -.7 -—<6.d1 RPN X"
65.85 .05 .53 -. 35 -c3. 98 -a%. %
66,00 .44 l.10 -.&7 -di. %8 3.7
66.195 1 .68 -.47 -g3,4¢ -z%..19
86.30 -.33 .95 -.Te -2T.37 -¢9.9c
66.45 R .69 ~.49 -<4.69 -<6.%%
66.60 .37 .97 .27 -22.%7 -i4.9%”
65.79% -.31 2 -.9% -c3.28 -14. 24
66.90 ~.06 .37 -.%2 -2%5.88 ~lT. 87
§7.0% .34 1.0% -.43 ~&1.09¢ -<d. "4
67.20 -.99 -.14 -1.73 -21.7 -2i.98
§7.3S .01 .7 -.34 -22.%93 -21.%9
€7.5@ -1.34 -.27 ~-2.%68 -13.36 -17,89
67.6% -.43 .55 -1,%4 -18.88 -18.82
57.30 .55 1.%6 -.58 -17.68 -19.48
£7.9% .63 1.%1 -.3 -18.79 -29.34
£3.10 -.61 s -1.%8 -¢d. 28 -13%.33
63.2% -{.14 ~.1% -d.286 ~19.47 -18.905%
68.49 -.69 1% -1.82 -20.% -<8.17
68.5S .33 1.32 -.79 -18.0% -19.43
€8.79 .54 1.27 -.35 -20.69 -22.67
€8.385% -.34 .32 -1.96 -c2.3% -22.89
€9.91 -.74 -.01 -1.5%3 -21.88 -21.%6
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79.05
79,20
79.3%
79.%58
79.65
?79.80
?79.95
80.10
88.235
808,40
89,355
80.70
80.85
8i.e0
81.18
81.30
81.45
81.60
81.7S
81.98
82.85
82.20
82.35
82.590
82.635
82.89
82.9%
83.1@
83.25
83.40
83.55
83.70
83.85
84,00
84,15
84,30
84.45
84,60
84.7S5
84,90
85.0%
85.20
85.3S
85.50
95.63
85.80
8%.9S
86.10
86.25
86.48
86.35
86.7@
86.85
87,90
87.1S
87.39
87.45
87.60
8?7.?75
87.9@
88.05
88.20
88.329
88.50
88.65
88.30

e

-3
-1.42
.32
.62
-.43
-.63
.35
-.74
~.94
-1.34
-.56
-.07
-14
.70
.20
«35
W15
-.17
~.31
-.02
«44
11
-.086
.01
3-1-1
-1.14
-1

. .20
-.78
-.24
~1.04
-.82
-.22
-.02
.56
.32

.12

-.18

)
w
-

-.02
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TABLE II (cont.)

1.32 ~.38
-.29 -2.72
1.39 ~.91
1.38 ~.22
.28 -1.18
.31 -1.69
1.42 -.87
.34 -1.98
-.10 -1.87
-.48 ~2.84
.71 -2.04
.93 -1.20
1.33 -.52
1.65 -.3?7
.93 -.60
1.07 -. 44
.44 -.14
27 -.83
.18 -.79
.23 -.29
1.10 -.27
.60 -.40
.37 -.52
.78 -.84
1.56 . -.58
-.13 -2.26
1.27 ~.26
1.12 -.83
.18 -1.86
.85 -1.24
-.14 -2.03
-.04 -1.69
.54 -1.89
.47 -.53
1.25 -.29
.82 -. 21
.27 -.18
.14 -.61
<44 -.21
11 -1.37
.77 ~.96
.42 -.6S
.57 -1.01
-1 -1.74
-.18 -2.56
1.74 -. 40
-. 16 ~2.64
.25 -2.03
1.04 -.52
1.32 -.38
1.38 -.22
1.42 -.87
-.40 ~2.84
(.53 -. 52
1.07 -.44
-] -.79
.60 -,40
1,956 -.38
1.12 -.83
-.14 ~2.83
4? -.53
.27 -.18
11 ~1.37
- ~1.91
1.74 -.40
1.04 -.52
122
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-19,71
-18.358
-17.27
-20.13
-22.64
-19.45
-17.29
-18.31
~20.84
-18.65
~16.63
-18.34
-18.04
-18.02
-20.91
-20.88
-29.39
-25.89
-25.81
-30.69
-21.58
~24.69
-25.88
-20.59
-17.68
-19.47
~29.60
-18.85
-19.42
-19.57
-20.35
-21.32
-20.99
-24.81
-21.082
~24.23
-31.70
-27.51
-28.34
-21.99
-20.08
-24.26
-21.05
-18.39
-18.61
-17.49
-18.28
~-18.44
-29.6S5
-19.71
-20.13
-17.29
~18.6S
-18.04
-20.88
~2%.61
~24.69
-17.68
~18.83%5
-20.3S
-24.81
-31.7@
~21.99
~21.0%
-17.43
~20.83
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-21.862
-16.49
-18.%56
-22.30
~-23.0!
-19.03
-18.65%
-17.5?
-19,.98
-18.35
-16.14
-18.96
-19.99
-20.14
-22.34
-22.9%9
-32.74
-27.46
~26.84
-34.14
-23.57
-26.5%8%
-27.67
-21.9%9
-19,48
-18,8S
-22.67
-20,04
-18.72
~-19.96
-19.22
-20.75%
~21.5%9
-26.43
-23.16
-26.42
-36.01
-29.41
-31.21
-21.96
-20.90
-2%.61
-21.72
-18.05
-16.81
-19.64
~16.41
-17.5%
-22.23
-21.62
-22.30
-18.6%
-16.3%
-19.9@
-22.%9
-26.84
-26.55%
-19.48
-20.94
-19.22
-26.43
-36.01
-21.96
-21.72
-19.84%
-22.23
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TABLE II (cont.?

83.95 .35 1.42 -.8? -17.29 -13.6%
[y 89.19 . .35 1.07 -.44 -20.988 -22.%9%
ﬁg 89.2% .55 1.%8 -.%8 -17.68 -19.48
by 89.40 -.82 .47 -.53 -24.81 -26.43
Ly 99.55 -.18 .57 ~1.01 -21.08% -21.72
89.70 .35 1.42 -.87 -17.29 -18.65%
i1 89.8% -.82 .47 -.53 -24.81 -26.43
- 90. 90 -.82 .47 -.53 -24.81 -26.43
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TABLE I11

PRINTED OUTPUT OF MATCHED LOAD RETURN LOSS USING SCHOTTKY
DIODE DETECTOR

DEVICE UNDER TEST : MATCHED LODAD

-
“® Q'Q .
;{:Q' ‘Frequency Return Max Ret Min Ret Uncer 322
.:::,: (GH2) <dB> (dB» (dB) (dB’ (dB»
15.7:: 60,00 -25.13 ~23.64 -26.93 -39.79 -18.70
e 60.1% -25.22 -23.71 -27.05% -39.66 -17.%7
st 60.30 -25.31 ~24.29 -27.91 -39.56 -16.18
60,45 -27.9% ~25.98 -30.9%1 -39.233 -18.93
gt 60.560 -39.79 ~28.19 -34,%2 -39.93 -19.98
e,t,:, 60.7% -31.82 ~28.80 -35.3% -39.91 -16.386
by : 60.90 -33.92 ~29.78 -38.24 -39.93 -15.63
I 61.05 -30.63 -28.086 -34.30 -39.89 -16.3%
-,:,!, 61.20 -31.15 ~28.45 -35.09 -39.91 -17.20
'|z,!|_ 61.3% -29.78 ~27.41  -33.04 -39.87 -16.90
et 61,59 -32.38 ~29.33 -37.10 -39.92 -16.14
o 61.65 -31.44 ~28.66 -35.3%5 -39.91 -16.5%9
61.80 -33.32 -29.99 -38.77 -39,95% -17.62
syt 61.9% -34,07 ~39.%0 -40.21 -39.96 -18.96
j..l"- 62.18 -39.38 -28.25 -34.67 -39.92 -18.51
RO 62.2% -31.30 -28.5%6 -35.33 -39.91 -17.2%
,,g’.. 62.48 -31.22 -28.%9 -3%.18 -39.93 -19.90
;;.\l“.e 62.55 -31.0% -28.38 -34.93 -39.93 -19.98
o 62.7¢ -31.72 -28.87 -36.00 -39.93 -18.%6
BN 62.8% -33.30 -29.99 -38.73 ~39.96 -20.14
63.00 -34,19 -38.59 -40.46 -39.97 -21.92
63.15% -34.34 -30.69 -42.78 -39,97 -19.84
IR, 63.30 -29.2% -27.02 -32.26 -39.92 -22.24
\ ) 63.45 -27.81 ~25.89 -30.28 -39.94 -27.28
o 63.60 -26.55 -24.8% -28.66 -39.38 -24.17
;_.-:_ 63.7% -26.74 -2%.01 -28.91 -39.86 -22.%9
e 63.90 -27.32 -25.48 -29.64 -39.90 -23.36
.o 64.05 -27.69 ~25.80 -30.12 -39.95% -30.10
e 64,28 -28.36 -26.73 -31.69 -39.97 -32.74
64.3% -29.88 -27.51 -33.14 -39.97 -28.42
"t 64,58 -30.51 -27.99 -34.98 -39.96 -25.61
At 64.65 -32.53 -29.46 -37.33 ~39.98 -27.46
s 64.89 -33.79 -30.33 -39.63 -39.99 -34.14
Koy 64.95% -38.36 -33.12 -%53.656 -40.00 -31.83 ]
-F.I 65.10 -3%.13 -31.20 -42.49 -39.99 ~26.84
AN 65,25 -36.02 -31.76 -44,72 -39.99 -28.49
¢ 65,48 -35.11 -31.19 -42.44 -39.99 -31.30
i 6%5.5% -33.727 -30.3! -39.59 -39.99 -34.14
6%.70 -34,34 -31.02 -41.83 -39.99 -27.60
- 65.8% -36.91 -32.30 -47.42 ~39.99 -25.56
s..'a 66.00 -48,25% -34.10 -120.99 -39.99 -23.5%7
100 66.15 -41.92 -34.47 -120.08 -40.00 -2%.19
: ’ 66.39 -39.34 -33.90 -74.68 -40.00 -29.82
N 66.45 -36.34 -32.26 -47.19 -39.99 -26.55
s 66.60 -49.34 -34.14 -120.00 -49.00 -24,.5%7
;,z ! 66.7% -36.6% -32.14 -46.57 -39.99 -24.04
' 66.90 -41.34 -34.62 -120.09 -49.90 -27.67
67.0% ~34.28 -30.6% -48.64 -39.98 -22.74
e 67.20 -34.16 -30.57 -42.39 _-39.97 -21.02
LY 57,35 -32.23 -29.24 -36.83 -39.96 -21.%9
6§7.%9 -32.%2 -29.44 -37.34 -39.93 -17.99
v 67.65 -31.64 -28.31 -35,36 -39.93 -18.82
“ar 67.89 -31.70 -28.86 -35.95 ~39.94 -19.48
:: 67.35 -31.28 -28.55% -35.27 ~-39.94 -20.384
Ky 58,10 -31.92 -28.36 -34.37 ~39.93 -19.98
68.2% -31.49 -28.70 -35.83 -39.92 -13.95
o 68.40 -32.%2 -29.44 -37.32 ~39.9% -20.17
Y%y 68.55 -32.88 -29.55% -37.68 -39.95% -19.43
‘" 63.70 -34.94 -36.49 -40.14 ~39.97 -22.87
) 69,35 -37.98 -32.91 -51.67 -39.99 -22.89
» 59.09 -36.49% -32.04 -46.989 ~39.98 -21.%8
\
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TABLE II!l (cont.)

-33.17
-31,5%53
-39,45
-29.7S
-28.83
-29.71
-29.11
-32.20
-34.76
-38.66
-39,44
-35.79
-33,.%54
-31.87
-32.33
-32.96
-36,98
~39.42
-35.12
-30.20
-28,90
~28.44
~-28.90
-29.54
-31.12
-31.98
-32.49
-31.04
-31.11
-32.25
-32.84
-33.083
-36.10
-38.11
-38.57
-38.94
-34,69
-34.851
-32.08
-31.2%
-29.9%
-31.64
~33.68
-41.22
-41,19
-41,39
-42.80
-40,70
-38.74
-3%.89
-32.42
-32.47
-32.80
-32.5%3
-32.71
-32.13
-32.97
-32.06
-32.17
-32.17
-31.69
-32.21
-31.41
-32.37
-32.383

-33.%2

-29.99
-28.74
-27.93
-27.40
-26.867
-27.36
-26.91
-29.22
~30.96
-33.28
-33.69
-31.61
-30.19
-29.98
-29.32
-29.76
-32.33
-33.68
-31.29
-27.7%
-26.74
-26.39
-26.7%
-27.25
~28.44
-29.087
-29.43
-28.39
-28.44
-29.26
-29.867
-29.81
-31.381
-32.98
-33.23
-33.43
-30.92
-39.87
~29.14
-28.53
-27.95%
-28.82
-30.24
-34.5¢
-34.55
-34.6%
-35.26
-34.32
-33.32
-31.67
-29.37
-29.49
-29.64
-29.45
-29.58
-29.17
-29.13
-29.11
-29.18
-29.19
-28.84
-29.23
-28.65
-2%.34
-29.863
~39.14

128

-38.49
-35.68
-34.09
-32.99
-31.70
-32.93
-32.07
-36.79
-41.68
-35.65
-63.60
-44,13
-39.17
-36.22
-36.99
-38.10
~47.66
-53.30
-42.47?
«33.63
-31.77
-31.14
~31.7%
~-32.66
-35.01
-36.40
~37.24
-34.89
-33.99
-36.84
-37.886
-38.21
-44,93
-52.29
-%4,9%5
-%$7.83
-41.31
-41,.34
-36.%57
-35.23
-33.28
~35.8%
-39.40
120.00
129,00
120.09
120.09
120.00
~%56.29
-44,49
-37.15%5
-37.2¢6
-37.84
-37.34
-37.e7
-36.67
-36,5¢
~36.56
-36.75
-36.7%
-325.94
~36.79
-35,49
-37.0°7
-37.882
-39.1%
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-c9.84
-20.7%
-20.34
-18.72
-17.20
~16.94
-19.96
-19.48
-18.6!
-19.22
-20.20
~-20.354
-20.7%
~21.55
-23.33
-21.59
~22.86
-24.26
-25.43
-24.08
~él. 11
-23.16
-26.21
-27.08
-26.42
=-26.42
-33.74
-36.01
-29.41
-28.96
-29.4}
-39.82
~30.73
-31.21
-25.40
~22.78
-21.96
-21.89
-25.7

-20.99
~18.49
-22.89
~25.861
-20.29
~21.82
~21.72
~19.8%
~19.23
~18.0%
-18.96
~18.63
~16.81
~17.29
-~21.89
~19.84
~19.2

~21.39
~18.41
~15.42
~15.384
~17.55
~21.49
~29.59
~22.22
~17.48
~18.65
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1 g" TABLE I I
RN 52
R - P-TY
g.:" ~ -47.54 -39.97 -138,.%8
D -32.33 -45.31 -39.98 -22.30
;4; -36,98 -31.87 -46,32 -39.98 -:3.01
n‘:‘ 79,05 _35.21. -32.98 -4%.1%S -39.98 _?9,93 .
» 73.29 -36.%6 -31.85% -49.35% -39.9% -18.6S
?9.3% -36.17 -30.58 -37.9% -39.94 -17.5?
o 79.58 -34.14 -29.69 -37.37 -39.6% -19.983
A 79.69 -32.87 -29.46 -27.05 -39.93 -16.35
ths ?9.80 -32.54 -23.71 -34.52 -39.89 -16.14
%4' 79.9% -2%.22 -28.19 -34,.30 -39.92 -18.96
i, 80.10 -30.79 -28.06 -37.18 -39.96 -19.9@
.h 80.29% -302.63 -29.33 -40,21 -3%.93 ~20.14
el 80.49 -32.38 -30.59 -35.18 -39.96 -22.34
80,55 -34.07 -28,%@ -38.73 ~39.92 -22.%9
‘ 80.70 -31,22 -29.99 . =32.26 -39,86 -32.74
!12 80.85 -33.30 -27.02 -28.91 -39,97 -27.46
5%5 81.00 -29.2% -25.01 -31.69 -39.98 -26.34
‘5 =] 81.1% -26.74 _25.?? -37.33 -39.99% -34.14
g 81.30 -28.86 -29.45 -42,49 -39.99 -23.57
14 81.45 -32.53 -31.20 -39.%3 ~39.99 -26.5%
sy 81.60 -3%.13 -30.31 -120.00 -39.99 -27.67
U 81,75 -33.77 -34.10 -47.19 -40.00 -21.59
81.90 -40.2% -32.26 -120.00 -39.96 .I9.48
] 82.05 ~36.84 -34.62 -36,83 -39.94 -18.0%
F l": 82.20 -41.34 -29,24 -35.95 -39.92 -22.67
Ky 82.3% ~-32.23 -28.86 ~-3%.63 -39.97 ~-20.04
f 82.%0 -31.70 -28.70 -40,14 -39,96 -18.72
W 82.65 -31.49 -30.49 -38.493 -39.39 -19.96
‘o £ 82.80 -34,04 -29.90@ -32.99% -39.89 -19.22
R ﬁ; 82.9% -33.17 -27.40 ~32.87 -39..99 -22.75%
< 83.10 -29.7% -26.91 -55. 6% -39.96 -21.%9
83.2% -25.11 -33.28 -39.17 -39.96 -26.43
83.49 -38.66 -30.15 -38.108 -39.99 2318
w2 83.5% -33.54 -29.76 -42.47 -39.91 26,42
s P 83,70 _32.93 -31.20 -31.14 -39,97 _:5.91
o 83.85 -35.12 -26.39 -35.91 -39.99 -25.41
N 84.00 -28. 44 -28.44 -34,88 -39.98 -31.21
"5H §4.13 -3t.12 -28.39 -37.86 -49.900 -21.96
F.°~ 84.30 ~31.04 -29,.67 -52,29 -39.98 -58.99
b 84,45 -32.24 -32.98 -41,91 -39.94 -25.61
K 84.60 -38.11 -30.92 -3%5.23 -39.98 -21.7
i 84.7% -34,69 -28.53 ~39.40 -39.99 -1s. 25
5 j: 84.99 -31.2% -30.24 -120.90 -39.99 -16.31
85.0% -33.66 -34.65 -56.28 -39.93 -19.64
jz 85,20 -41.39 -33.32 -37,26 -39.9% ~15.41
l'\‘ 85%.3% -38.74 ~29.40 -37.67 -39.92 -17.5%
p; ¢ 85.39 -32.47 -29.58 -36.56 -39.92 -22.23
) 85.85 -32.71 -29.11 -35.94 -39.96 -fx.éz
85.30 -32.06 -28.94 -37.97 -39.99 -:2.30
85.9% -31.69 ~29.34 -47.64 -39.98 -le.es
"ol 86.10 -32.37? ~32.33 -45,19% -33.94 -16.3%
‘3?' 86.2% -36.98 ~31.85 -37.37 -39.89 -19.3e
.}%, 86.40 -36.17 ~29.46 -34,30 -39.93 -22.%9
\51! 86.55 -32.54 -28.06 -35.18 -39.86 -26.34
A 86.78 -30.62 -23.%0 -28. 31 -39.99 -25.55
sk 35. 8% -31.22 -2s. 01 -32.49 -39.99 “lelan
'?',%. ?.008 -26.74 -31-2? -47,19 -39,94 -29.04
' 87.1% -3%.13 -32.26 -3%5. 9% -39.9¢ 19,22
‘ 7.30 -35.84 -28.36 -38.49 -39.99 -26.43
:\_3 87,45 -31.72 -23.90 -55.5% -29.99 -35.01
o 37.60 -23.17 -33.28 -42,47 -39.99 -21.9%5
‘ﬂ}f ?.7S -38.65 -21.2 -34.38 -33.98 -21.72
N7 ?.90 -3s5.12 -22.39 -41.%1 -39.99 -19.64
‘ﬂ?. 83.0% -31,04 -38.9%2 -120.00 -39.9% -22.232
W 83.20 -34.69 -34.5% -37.87 -39.9¢ o
AV 83.3% -41,39 -29.%8 -37.07
89.%9 -32.71 -29, 34
et 88.6% -32.37
"Q . 88.30
¢)h
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v TABLE III (cont.)

88.95 -32.54 -29.4% -37.37 -33.94 ~18.6%
89.10 -5, 73 -25.91 -28.31 -39.8¢ -22.59
89.2% -31.79 -23.85 -3%,.3% -33.34 -19.48
89.498 -35.12 -31.20 =-42.47 -39.99 -26.43
89.3% -41.39 -34.65 -129.00 ~-39.99 ~¢1.72
89.70 -32.%54 T =29.46 -37.37 -39.94 -18.6%
- 89.85 -35.12 -31.20 -42,.47 -39.99 -26.43
90.80 -35.12 -31.20 42.47 -39.99 -26.43
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Rrtie TABLE 1V
0
%ﬁ PRINTED OUTPUT OF RETURN LOSS FOR 5 dB ATTENUATOR WITH
s SHORTED OUTPUT USING SCHOTTKY DIODE DETECTOR
Wl DE¥ICE UNDER TEST : S dB ATTENUATOR WITH SHORT
i‘:'.' Frequency Return Max Ret Min Ret Uncer S22
‘kdé (GHz)> <d®)> <dB> <dB> (dB> (dB>
-?:ﬁ 60.90 ~10.36 ~10.28 “11.47 34,18 ~18.790
K 60.15 -12.61 -11.99 -13.27 -35.26 -17.57
o 68.30 -10.32 -9.65 -11.05 -32.24 -16.18
69.45 -19.64 ~19.94 -11.27 -33.62 -18.03
" 60.60 -10.%0 ~9.96 -11.97 ~34.45 -19.98
) 60.75 -11.38 -10.74 -12.06 -33.79 -16.86
%“ 60.90 -10.83 -10.14 -11.%8 -32.52 -15.63
ekl 61.05 -19.71 -10.0% -11.42 -32.80 -16.3%
’b; 61.20 -10.72 -19.99 -11.39 -33.27 -17.20
‘et 61.35 -10.83 -10.19 . ~-11.51 -33.23 -16.90
t 61.%0 ~-12.49 -11.83 -13.21 -34,52 -16.14
61.65% -10.72 -19.87 -11.42 -32.94 -16.59
61.30 -10.58 ~9.97 -11.23 -33.35 -17.62
‘ 61.95 -19.28 ~9.71 -10.88 -33.73 -18.96
S 62.10 -18.93 -19.38 -11.%5 -34.16 -18.51
4 62.25 -9.87 -9.24 -10.5% -32.34 -17.2%
"‘:‘.: 62.40 -10.42 -9.89 -11.90 -34.3% -19.98
4 62.55 -11.48 -18.94 ~12.86 -35.33 -19.98
e 62.70 -12.31 -11.72 -12.94 -35.42 -18.56
Mg 62.85 -11.05 -10.51 -11.61 -35.83 -20.14
' 63.00 -10.45 -9.97 -18.97 -35.28 -21.92
63.1% -9.82 -9.28 -18.39 -33.71 -19.84
A 63.39 -11.74 ~11.2% -12.27 -36.41 -22.34
u'js 63.45 -11.74 -11.32 -12.19 -37.79 -27.28
N 63.60 -19.36 -9.92 -10.82 -36.99 -24.17
Ko 63.75% -9.94 -9.48 -18.43 -3%,13 -22.59
NG 63.99 -11.16 -10.70 -11.64 -36.53 -23.36
L. 64.05 -11.67 -11.28 -12.08 -38.32 -3e.18
" 64.20 -11.39% -11.02 -11.78 -38.66 -32.74
64.3% ~19.66 -19.27 -11.96 -37.55 -28.42
64.50 -10.07 -9.66 -19.5@ -36.38 -25.61
> 64.65 -10.48 -19.09 -10.89 -37.21 -27.46
NN 64.30 -11.14 -10.79 -11.51 -38.78 -34.14
- €4.95 -11.84 -11.45 -12.24 -38.6% -31.83
. 65.10 -11.77 -11.34 -12.22 -37.70 -26.384
"f: 6%.29 -11.23 -10.83 -11.64 -37.83 -28.49
Y 65.40 -10.6% -198.30 -11.93 -38.17 -31.30
T 65.5%5 -10.41 -10.87 -10.7 -38.57 -34.14
635.79 -11.02 -10.62 -11.44 -37.%2 -27.60
_— 6%.85 -11.26 -10.83 -11.72 -37.11 -25.56
aty 66.00 -11.36 -10.90 -11.85 -36.57 -23.57
Ky 66.15 -12.09 -11.63 -12.57 -37.43 -25.18
o 66.30 -12.61 -12.18 -13.07 -38.46 -29.02
\ 66.45 -11.81 -11.38 . -12.27 -37.65 -26.55
" 66.60 ~10.68 -10.24 -11.13 -36.44 -24.57
DAY 66.7% -19.44 -10.90 -10.91 -36.09 -24.04
= 66.90 -11.25 -10.85 -11.68 -37.66 -27.67
67.0% -12.45 -11.95 -12.98 -36.99 -22.74
Iy 67.20 -11.24 -18.73 -11.79 -35.55% -21.982
Tyl 67.3% -19.94 -10. 44 -11.47 -35.54 -21.59
N 67.50 -12.22 -11.5%9 -12.90 -34.71 -17.09
el 67.65% -11.77 -11.19 -12.38 -3%5.08 -18.82
Iy 67.3@ -11.44 -19.89 -12.93 -35.08 -19.48
(. 67.9% -11.22 -19.79 -11.76 -35.46 -20.84
ol £9.10 -11.1% -19.61 -11.72 -35.04 -19.38
68.2% -19.99 -10.40 -11.63 -33.99 -18.905
_ 68.49 -11.77 -11.23 -12.34 -35.64 -20.17
D 68.5% -12.18 -11.62 -12.78 -3%.67 -19.43
oy £3.70 -11.39 -11.40 -12.41 -36.62 -22.67
,:j«‘ 59.3% -12.98 -11.5%9 -12.60 -36.31 -22.89
(e, 69.00 -12.43 -11.91 -12.99 -36.851 ~21.56
o
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69.18

69.30

69.493

69.€89

69.75

69.99

79.85

7e.28

 70.38

70.50

?70.65

79.80

70.93

71.10

71.25

71.40

71.83

71.70

71.85

72.90

?72.15

72.30

72.4S

72.60

72.75

72.90

73.083

?3.29

73.35

73.58

?3.635

73.89

73.95

74.10

74.25

74.48

74.55

74.70

74.8S5

75.00

7%.15

. ?7%.30
75.45

7%5.60

U ?5.73
75.90

; 76.8%
b 76.20
2 76.35
B 76.50
?76.63

76.80

76.95

77.10

?7.25

b ?7.40
A ?7.58
) 7?.70
3 ?7.83
78.00

78.1S

" 78.30
! 78.49%
78.60
78.7%
78.90
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TABLE IV (cont.)

-11.99 -11.34 ~12.47
-11.51 -18.99 -12.087
-11.34 -18.81 -11.99
-12.12 -11.54 -12.74
-12.20 -11.5%? -12.87
-11.83 -18.99 ~12.22
-10.76 -10.¢2 -11.33
-10,.98 -10.43 -11.57
-9.9S5 -9.3?7 -10.57
-10.09 ~9.83 -10.69
-10.81 -10.28 -11.37
-10.83 -18.31 -11.38
-18.89 -193.37 -11.44
-19.23 -9.7¢ -10.7%
-11.00 -198.93 .~11.48
-10,70 -10.2¢ -11.23
-18,.58 -10.11 -11.97
-11.19 -10.7¢ -11.68
-11.03 -10.6!¢ -11.46
-9.93 -9.58 -18.39
-10.63 -10.13 -11.17
-12.08 -11.9%9 ~12.359
-11.48 -11.8S -11.93
-11.00 -10.9%9 -11.42
-10.76 -18.35" ~-11.19
-10.78 -10.37 -11.22
-18.79 -18.44 -11.18
-10.92 -10.98 -11.27
-108.82 -10. 44 -11.21
-10.82 ~10.43 -11.23
-11.17 ~18.78 -11.57
-11.36 -10.98 -11.7S
-11.32 -18.94 -11.72 .
-10.98 -10.61¢ ~11.36
-18.86 ~10.44 -*1.31
-11.09 -13.61 ~11.59
-11.04 -10.55 -11.%6
-11.19 -19.79 -11.72
-11.86 ~10.64 -11.51
-11.20 -10.68 -11.7%
-11,353 -10.9S -12.18
-10.48 -10.00 ~19.99
-18.59 -18.17 -11.83
~11.94 -11.40 -12.51
-11.58 -11.08 -12.11
-11.83 -10.353 -11.55
-10.7S ~18.21 -11.32
-11.47 -10.98 -12.07
-11.64 -11.04 -12.28
-11.49 -108.92 -12.09
-11.32 ~-10.75 -11.94
-12.23 -11.59 -12.91
-11.73 “11.11 -12.39
-11.64 -11.14 -12.17
-11.81 -11.25 -12.40
-11.79 ~11.22 -12.39
-11.37 -18.86 ~11.91
-11.50 -19.8% ~12.21
-11.84 -11.18 -12.58
-12.37 ~11.7@ -13.10
-12.74 -12.12 -13.41
-12.82 -12.29 ~13.39%
-12.49 -11.68 -12.77
-11.72 -11.23 ~12.2S
-11.88 -11.24 ~12.51
-11.862 ~11.04 ~-12.24
128
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-35.68
-35.67
-3%.3¢
-35.33
-34.74
-33.98
-34.69
-34.64
-33.20
-33.68
-34.84
-35.01
-35.15
-34.93
-36.24
-35.35
-35.76
-36.68
-37.23
-35.73
-35.89
-36.89
-37.41
-37.38
-37.87
-37.09
~38.63
-38.9%
-37.8%
-37.%4
-38.00
-38.34
-38.31
-38.27
-36.83
-36.11
-35.77
-35.86
~37.04
~35.47
~34.72
-35.37
~36.73
~35.81
~36.12
-35.66
~34.63
~34.91
~34,62
~34.89
~34.59
~34.%9
~34, 34
-36.19
~35.45%
~35.28
~3%5.77
~33.68
~33.51
-34.27
~-35.36
-36.83
-36.12
-36.38
-34.855
-34,87

!$N *1
AN [ M

-20.04
-28.7S
-20.34
~18.72
-17.20
-16.94
-19.9%6
-19.49
-18.61
~19.22
~208.20
~20.54
-20.73%
-21.58
~23.33
~21.59
~22.86
~24.26
~26.43
~24.08
~21.11
~23.16
~26.21
~27.08
~26.42
~26.,42
~33.74
-36.81
-29.41
-28.06
-29.41
-30.82
-30.73
-31.21
-25.40
-22.78
-21.96
-21.89
-25.71
~-29.99
-18.49
-22.99
-25.61
-28.29
-21.82
-21.72
~19.8%
-15.83
-18.8S
-18.96
-18.63
-16.81
-17.29
-21.89
~19.64
-19.25
~-21.30
-16.41
-15.42
-15.84
-17.85
-21.49
-28.68
-22.2

-17.48
-18.65
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l; 79.99% -11.863 oy Sl —3§.es -l6.69
oy 99.10 -11.82 I i3 £ i
P 89. 25 -12.61 TS RERT £ i
Y 00. 40 a3 el BHE i i
‘oo 80.3S e 1a:0: L i -19‘93
u‘,'. 80.70 lel3e e i £ _la.ss
KA 80.8% leld2 e S £ -17.5?
2 L i il 3%es _19.98
" 81.19% arn ot e i -ls.as
R 81.30 laae i3 e £ L
¢ 81.4% R il £ £ i
L IS 91.60 -11.39 -9.48 B e -39.96
BN 81.73 -10.48 11,02 R 351 i
e 81.99 Tlelat il B3 % -22‘3‘
:n",' 82.09 eps: el i o - :
S 82.20 e i3 Eh5e £ -32.7‘
D 82.39% ios 1130 S £ -2?.‘6
04 82.50 -11.29 ielos aHE :38.5? -gs.e‘
gl 82.6% Tlee el i -36.57 -2"“
Wl 82.80 Tloes “iols B % -23.57
<« 82.95% -10.99 Rpebra -i2les Eth -26'55
25y 83.10 iiee e g £ i
" 83.2% Tiate e i i i
;ﬁa- 83.40 -12.12 B ale e -19"8
" 83.5% -18.76 Jhiese -z e -;g.es
O 83.70 -19.09 -18.22 i3S :35.68 -2"6?
e R SR G oa
e
) ” 84,15 i3ee el S £ -19'96
) A&; 84.30 leloe Sis i b -19'22
Yy 84.4% ye.7e “1al3s s - ’28‘?5
o 84.60 oy “iolse i £ i
s 84.7% loom o7 e i3 ‘26.43
84,90 10 Cielst S i -23.16
. 85.0% e Cials: i £ -26"2
‘ﬁf' 8s.20 llese ol it £ -36.81
‘#‘ 8s. 3% -18.59 PR s :38.2? -29.41
& 85.%50 e “alss e -35.?? -21.21
AN 85.6% -11.64 Zye.53 il a5 -21.96
6;.1 85.80 2.3 “iilss i i -29.98
,gﬂ! 85.9% s il SEgH i3 - :
LI 86.10 13 “iols St £ -21.72
. 86,25 i iz SEe £ -lg.as
A 86.40 -11.72 -12.12 [z :35"5 -ib.?l
S04 86.5% si2.53 -izlar S s - .
O 86.70 e il S £ i
1S 86.3S -11.82 i Sl e -lz.ss
;23} 87.00 -10.71 0.8 RERT Ex -2‘.23
o - 87.1% B PS e o i3 -21.62
AR 87.30 133 R S i -22.30
n, 87.45% -11.?7 73.48 Cials i -18.65
87.60 -11.81 i3 REE e —16.35
T 87.75 -11.44 il NHE e 2
.’:_ 87.98 1ol il e £ -2‘.59
-, 88.0% AP a3 i i —26.8‘
NS, 88,20 oo o8 S i -26-55
e 89,3 oyl ol S e i
N 88.50 Tiles ol i 43 i
LT 98.6% -11.03 o33 il Ex -1?.22
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*." -11.23 D133 5 hg
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TABLE IV (cont.)

883.9S -11.82 -11.24 -12.44 -35.0%5 -18.89
89.19 -9.94 ~9.48 -198.43 -35.13 -22.%9
) 89.2S ~11.44 -10.89 -12.083 -35.08 ~19.48
] 89.40 -11.83 -10.61 ~11.46 -37.23 ~26.43
89.33 -11.03 ~-18.353 -11.55 -35.66 -21.72
M 89.70 -11.82 -11.24 -12.44 -35.05 -18.65
Wt 89.85 -11.03 -10.61 -11.46 -37.23 -26.43
' 99.400 -11.03 -108.61 -11.46 -37.23 ~-26.43
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1)
K 2
o
’k;"‘\ \
«.;:
:, p TABLE V
)
hﬁ{ PRINTED OUTPUT OF RETURN LOSS FOR 10 dB ATTENUATOR WITH
oW SHORTED OUTPUT USING SCHOTTKY DIODE DETECTOR
' DEVICE UNDER TEST : 19 9B RTTENUATOR WITH SHORT
“wih Frequency Return Max Ret Min Ret Uncer g2z
,:. (GHZ) (dp) (dB> (dB> (€-): 2] (dB)>
)
"p{‘. 60.00 -18.11 -17.32 -18.97 -33.5¢ -18.70
2 60.15 -25.41 -23.88 -27.28 -39.68 -17.5?
] 68.30 -19.82 -18.88 -20.87 -38.70 -16.18
a8 60.45 -19.77 -18.86 -20.79 -38.92 -18.983
60.60 -21.07 ~20.97 -22.20 -39.35% -19.98
el 60.75 -20.77 -19.77 -21.90 -39.91 -16.86
:~| W 60.90 -20.27 -19.29 -21.37 -38.74 -15.63
N 61.03 -19.51 -18.68 -20.53 -38.63 -16.3%
.'.: W 61.29 -19.2% -18.37 -20.23 -38.68 -17.20
KRCa. 61.35 -21.0? -20.04  -22.24 -39.08 -16.90
B¢ 61.50 -26.43 -24,73 ~28.56 -39.70 -16.14
AN 61.65 -20.68 -19.61 . -21.72 -38,95 -16.59
61.80 -18.71 -17.87 -19.64 -38.58 -17.62
: 61.95 -19.85 -18.%67 -28.33 -38.98 -18.96
by s2.1@ -19.47 -13.%9 -20.45 -38.9¢ -18.5!¢
W 62.25 -17.95 -17.15% -18.83 -38.27 -17.2
;"_‘Z 62.40 -18.68 -17.8% -19.55 -38.88 -19.90
040 62.35 -22.47 -21.33 -23.78 -39.52 -19.98
v: 62.79 -25.85 -24.2% ~27.81 -39.74 -18.56
i 62.8% -28.64 -19.68 -21.72 -39,29 -28.14
N 63.00 -18.28 -17.52 -1%9.12 -39.02 -21.92
. 63.15 -17.78 -17.03 -18.61 -38.64 -19.84
63.30 -22.19 -21.89 -23.45 -39.61 -22.34
SnS v 63.4% -24.30 -22.96 -25.89 -39.86 -27.28
"‘J\,D 63.60 -19.34 -18.52 -20.2% -39.40 -24.17
Jadd 63.75 -18.58 -17.80 -19.43 -39.15 -22.59
-r.t‘)‘ 63.99 -20.92 -19.96 -22.00 ~39.%6 -23.86
Al 64.05 -23.31 -22.11 -24.71 -39.87 -39.18
i 64.20 -21.32 -209.35 -22.42 -39.85 -32.74
A~ 64.35 -19.91 -18.23 -19.86 -39.60 -28.42
; 64.50 -18.13 -17.48 -18.92 -39.33 -25.61
0 64.6% -18.69 -17.93 -19.52 -39.52 -27.46
Pl X 64.80 -20.92 -19.99 -21.96 -39.86 -34,14
G 64.95 -23.353 -22.39 -24.96 -39.90 -31.83
RO 65,10 -23.%3 -22.29 -24.98 -39.83 -26.84
X 65.25 -21.94 -20.98 -22.11 -39.75 -28.49
K 65.48 -19.16 -18,38 -20.01 -39.72 -31.30
K ﬁ 65.55 -18.53 -17.80 ~19.31 -39.78 -34.14
o, 65.78 -19.73 -18.89 -2@.86 -39.62 -27.68
63.85 -28.62 ~19.79 -21.66 -39.51 -25.55
- 66.00 -21.39 -~20.38 -22.53 -39.5%9 -23.57
Ko, 66.1% -23.63 ~22.37 -25.10 -39.79 -25.18
123 66.30 -25.98 -24.39 -27.92 -39.92 -29.02
o 66.45 -21.71 -20.68 -22.88 -39.73 -26.55
oL 66.60 -18.79 -13.01 -19.64 -39.35 -24.57
[0 66.7% -18.24 -17.%58 -19.85 -39.22 -24.04
o) 66.99 -20.16 -19.29 -21.13 -39.66 -27.67
ey 67.05 -24.77 -23.35 -26.47 -39.79 -22.74
67.20 -21.33 -20.31 -22.48 -39.45 -21.02
M 67.3% -20.72 ~19.76 -21.79 -39.41 -21.59
-~ 67.%0 -22.57 -21.40 -23.93 -39.235 -17.09
3558 67.65 -21.94 -20.85 -23.19 -39.39 -18.82
‘5.5,- 67.30 -20.56 -19.68 -21.64 -39.22 -19.48
WSS 67.95 -19.58 -18.72 -20.54 -39.17 -20.84
WS 68.19 -19.42 -18.56 -20.37 -3%.06 -19.98
gy €8.2% -19.96 -19.04 -20.99 -38.97 -18.@5
68.49 -21.31 -20.29 -22.47 -39.39 -20.17
e 68.35 -22.39 -21.25 -23.70 -39.48 -19.43
K L 68.70 -22.60 -21.46 -23.91 -39.66 -22.67
‘:'.ll 68.85 -22.06 -21.87 -24.44 -39.7@ -22.89
..|:\‘ 63.98 -24.02. -22.7@ -25.57 -39.72 -21.56
'|:.'0
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TABLE V (cont.)

"
A )
o 63.15 -21.99 -20.90 -23.23 -39.47 -20.094
) 69.30 -29.17 -19.2 -21.19 -39,27 -29.7
o 69.45% -20.209 -19.28 -21.23 -39.24 -20.34
Yy 69.60 -21.68 -20.61 -22.99 -39.34 -18.72
) €9.7% -21.83 -20.74 -23.09 -39.25 -17.20
M 69.90 -21.2? -20.23 -22.46 -39.12 -16.94
! 70.0% -22.7@ -21.5%53 -24.05 -39.54 -19.96
* 79.20 -20.62 -19.6% -21.79 -39.23 -19.40
70.3% -18.30@ -17.%@ -19.18 -38.61 -18.61
¥ 70.50 -18.41 -17.61 -19.29 -38.73 -19.22
N\ 70.65% -20.21 ~19.29 -21.24 -39.23 -20.20
i 78.89 -21.23 -208.22 -22.38 -39.41 -20.54
M 70.9% -20.15% -19.24 -21.17 ~39.26 -20.7%
,l' ?1.19 -19.70 -18.83 -20.67 -39.26 -21.%5%
>< ?1.2% -21.19 -20.20 +22.30 -39.56 -23.33
R 71.40 -21.02 -20.04 -22.13 ~39.45% -21.%9
71.5% -20.11 -19.21 -21.10 -39.41 -22.86
.- 71.790 -22.@7 -20.99 -23.29 -39.68 -24.26
i 71.85 -20.66 -19.73 -21.69 ~39.65 ~26.43
U s 72.00 -18.99 -172.36 -18.89 -39.29 -24.28
' 72.1% -19.%7 -18.71 -20.53 -39.19 -21.11
! T 72.39 -24.26 -22.92 -25.86 -39.78 -23.16
How 72.45% -22.73 -21.59 ~24.04 -39.78 -26.21
i ?2.60 -20.84 -19.980 -21.89 -39.69 -27.08
o 72.7S -20.8%% -19.64 -21.58 -39.64 -26.42
72.90 -20,%2 -19.61 -21.5%54 -39.64 -26.42
v 73.0% -20.42 -19.54 -21.41 -39.84 -33.74
” ?3.20 -28.71 -19.80 -21.72 -39.88 -36.21
. < 73.38 -20.32 -19.43 -21.30 -39.73 -25.41
Jo| 73.%0 -290.38 -19.49 -21.37 ~39.69 -28.06
ol 73.65% -21.33 -20.35% -22.43 -39.79 -29.41
L ?3.80 -22.00 -20.95 -23.19 -39.84 -38.82
.ﬂ3 73.9% -21.89 -20.85 -23.07 °  -39.84 -30.73
A0 74.10 -20.31 -19.89 -21.84 -39.80 -31.21
O 74,25% -20.28 -19.38 -21.27 -39.57 -25.40
3 g 74.40 -20.47 -19.55 -21.51 -39.45% -22.78
W 74.5% -21.99 -20.19 -22.20 -39.48 -21.96
x 74,70 -21.%58 -20.47 -22.67 -39.%2 -21.89
74,8% -20.96 -20.00 -z2.93 -39.65 -25.71
7%.080 -21.68 -20.61 -22.86 -39.48 -208.90
¢ ?5.15 -22.34 -21.20 -23.65 -39.42 -18.49
h, 75.30 -19.%4 -18.68 -20.48 -39.27 -22.909
75.4% -19.45 -18.62 -20.36 -39.%0 -25.61
7%5.60 -24.07 -22.74 -2%5.65 -39.68 -20.29
" ?5.7% -22.34 -21.22 -23.62 -39.¢68 -21.82
: 75.90@ -20.16 -19,26 -21.17 -39.34 -21.72
) 76.0% -19.66 -18.78 -20.65 -39.09 -19.85S
L, 76.20 -20.96 -19.96 -22.89 -3%.25 -19.03
> 76.35% -22.36 ~2t.22 -23.68 -39,39 -18.08%
B, 76.%0 -21.47 -20.42 -22.66 -39.33 -18.96
I 76.6% -21.%6 -20.%0 -22.7 -39.32 -18.63
76.89 -22.5%8 -21.40 -23.95 -39.33 -16.81
76.9% -22.983 -20.91 -23.31 -39.29 -17.2
?7.10 -21.9%6 -20.53 -22.73 -39.%3 -21.89
77.2% -21.20 -20.19 -22.35 -39.34 ~-19.64
77.40 -21.11 -20.10 -22.26 -39.30 -19,25
< 77.5% -21.0% -20.06 -22.16 -39.43 -21.30
3_ LT ~21.48 -28.41 -22.70 ~39%.11 -16.4]
A ?7.8% -22.14 -20.99 -23.46 -39.14 -15.42
™! 78.00 -22.79 -21.5%8 -24.20 -39.29 -15, 34
78.1% -23.46 -22.18 -24.95 -39.50 -17.5%
78.39 -23.78 -22.49 -2%.29 -39.70 -21.49
4 78.45 -23.16 -21.94 -24.58 -39.62 -20.69
£ 78.6@ -22.01 -20.93 -23.24 -39.5%3 -22.23
L. 78.7% -20.75 -19.7 ~21.87 -39.97 -17.48
s 78.90 -21.2% -20.22 -22.41 -39.27 -15.65
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?.3:_ T
W 79.90% -23.85 -22.39 -25.15 -39.70 -21.62
PNLA ?9.29 -22.98 -21.75 -24. 41 -39.37 -16.49
p‘$2 79.35 -21.33 -20.38 -22.51 -39.28 -18.5%5
W 79.%0 -21.11 -29.12 -22.23 -39.350 -22.380
3 79.6% -29.86 -19.99 -21.94 -39.51 -23.91
N 79.80 -20.93 -19.94 -22.06 -39.25 -19.03
BANA 79.9% -21.7 -20.64 -22.94 -39.34 ~18.6%
80.10 -25.41 -23.88 -27.28 -39.68 -17.%7
e 80.2% -21.07 -20.90? -22.20 -39.3% -19.98
AN 80,40 -19.51 -18.60 -20.53 -38.63 -16.3%
k)7, 80.5% -26.43 -24,73 -28.56 -39.79 -16.14
X {g 80.70 -19.55 -18.67 -20.%3 -38,98 ~18.96
N 80.8% -18.66 -17.8% -19.5% -38.88 -19.90
It 81.00 -28.64 -19.68 -21.72 -39.29 -20.14
Beghes 81.18 -22.19 -21.89 . -23.45 -39.61 -22.34
) 81.30 -18.38 -17.80 -19.43 -39.15 -22.%9
. 81.4% -21.32 -28.3% -22.42 -39.85% -32.74
o 81.60 -18.69 -17.93 ~19.52 -39.52 -27.46
- RACS 81.7S -23.5%3 -22.29 -24.98 -39.83 -26.84
yjt; 81.9%@ -18.53 -17.88@ -19.31 -39.76 -34,14
ik 82.0% -21.39 -20.38 -22.53 -39.59 -23.%7
1$th 82.20 -21.71 -20.68 -22.88 -39.73 -26.55%
N 82.3% -208.16 -19.29 -21.13 -39.66 -27.67
2 o 82.30 -20.72 ~19.76 -21.79 -39. 41 -21.59
: P 82.65 -20.%6 -19.60 -21.64 -39.22 -19.48
- 82.80 -19.96 -19.04 -20.99 -38.97 -18.85%
T 82.9% -22.60 -21.48 -23.91 -39.66 -22.67
B\ = 83.1 -21.99 -20.99 -23.23 -39.47 -20.04
B g 83.2% -21.68 -20.61 -22.90 -39.34 -18.72
e 83.480 -22.70 -21.%3 -24.0% -39.954 ~19.96
:;;93 83.5% -18.41 -17.61 -19.29 -38.73 -19.2
S8ty 83.7@ -20.15% -19.24 -21.17 -39.26 -20.7%
AN 83.3S -21.082 -20.04 -22.13 -39.45 -21.9%9
s 84.00 -20.66 -19.73 -21.69 -39.6% -26.43
. 84.15 -24.26 -22.92 -25.856 -39.78 -23.16
ot 84.30 -20.5% -13.64 -21.5%8 -39.64 -26.32
-8 84.45 -20.71 -19.80 -21.72 -39.88 -36.01
. 8e.6@ -21.33 -29.3% -22.42 -39.79 -29.41
- 84.7% -20.81 -19,89 -21.84 -39.80 -31.21
y 84.90 -21.99 -20.19 -22.28 -39.48 -21.9¢
e 85.0% -21.66 -208.61 -22.86 -39.48 -208.98@
Rl 85.20 ~19.45 -18.62 -20.36 -39.5%0 -2%5.61
8%.3% -20.16 ~19.2 -21.17 -39.34 -21.72
e 85.%8 -22.36 ~21.2 -23.68 ~39.39 -18.05
oY 85.65 -22.%8 ~21.40 -23.9% -39.33 -16.8:
fr gs. 3@ -2i.20 -28.19 -22.33% -39.34 -19.64
ok 85.9% -21.48 -20.41 -22.79 -39.11 -16. 41
win 86.10 -23.46 -22.18 -24.35% -39.50 -17. 55
L5 86.25 -22.01 -20.93 -23.24 -39.59 -22.23
iy 85.49 -23.66 -22.39 -25.15 -39.70 -21.62
86.5%5 -21.11 -20.12 -22.23 -39.%0 -22.30
, 86.70 -21.71 -20.64 -22.94 -39.34 -18.6%
B 86.85 -19.51 -18.69 -20.53 -38.63 -16.35
b o, 87.00 -18.66 -17.9% -19.5% -38.88 -19.90
e 87.1 -18.%8 -17.8@ -19.43 -39.1% -22.59
o 7.30 -23.53 -22.29 -24.98 -39.83 -26.84
*~R{ 87.45 -21.71 -20.68 -22.88 -39.73 -26.5%
-, 87.€0 -20.%6 -19.60 -21.64 -39.22 -19.48
9 Q4 8.7 -21.39 -20.90 -23.23 -39.47 -23.84
87.99 -18.41 -17.61 -19.29 -38.73 -19.22
88.e% -208.68 -19.73 -21.69 -39.€5 -26.43
!'*\ 88.20 -20.71 -19.880 -21.72 -39.88 -36.01
> JfJ 88.3% -21.09 ~-2e.10 -22.20 -39.48 -21.96
iy 85.59 -20.16 '19.26 -21.17 -39.34 -21.72
iy 88.65 -21.20 -20.19 -22.3 -39.34 -19.864
t\,; 88.80 -22.01 -20.93 -23.24 -39.5%9 -22.23
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88.95

89.10
Lt 89.2%
;{- 89.40
< 89.5%5

» 89.79
89.85

- 90.900

SN

D

% o

o

-21.71
-18.38
~-20.5%56
-298.66
-20.16
-21.71
~-20.66
~20.66

TABLE V (cont.)

-20.64 -22.94 =39.34
-17.80 -19,.43 -39.1S
-19.68 -21.64 -39.22
-19.7?3 -21.69 -39.63
-19.26 -21.17 -39.34
~20.64 -22.94 -39.34
~-19.73 -21.69 ~39.865
-19.?73 -21.69 -39.65
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5¢
Vel PRINTED OUTPUT OF RETURN LOSS FOR 15 dB ATTENUATOR WITH
’ SHORTED OUTPUT USING SCHOTTKY DIODE DETECTOR
Co DEVICE UNDER TEST : 15 dB ATTENUATOR WITH SHORT
N
:i":: Frequency Return Max Ret Min Ret Uncer $22
M) (GHZ) <dB> (dB)> B> <dB> <gB>
W,
o 60.00 -13.3% -18.98 -2a. 90 -39.0¢ -13.70
K 60.1% -27.41 -2%5.5%54 -29.80 -39.79 -1?2.57
i 69,30 -26.13 -24,47 -28.17 -39.68 -16.18
€0.45 -27.21 -2%5.38 -29.5%53 -39.80 -18.03
KO 69.60 -30.54 -28.90 -34.14 -39.92 -19.98
AN 60.75S -29.43 -27.14 -32.54 -39.86 -16.86
'Y 68.9@ -27.86 -25.89 ~30.49 -39.77 -15.63
ﬁhﬁ 61.05 -23.85 ~24.24 -27.83 -39.66 -16.35
M 61.20 -24.95 -23.48 -26.72 -39.62 -17.20
W}J. 61.3% -26.72 -24,97 -28.92 -39.74 -16.90@
it 61.50 -39.36 -27.86 -33.9@ -39.88 -16.14
61.65 -26.90 -24.37 -28.02 -39.68 -16.%9
. 61.89 -24,82 -23.37 -26.9%8 -39.63 -17.62
e 61,95 -27.18 -25.33 -29.45 -39.81 -13.96
o 62.10 -2%.97 -24.35 -27.9% -39.74 -18.51
wﬂ?, 62.2 -23,%4 -22.2 -25.04 -39.49 -17.2%
‘yc; 62.40 -23.72 -22.43 -25.23 -39.63 -19.98
Ml 62.55 -27.5%59 -25.69 -30.01 -39.8% -19.98
S 62.70 -31.9%9 -28.78 -35.79 -39.93 -18.%6
R 62.85 ~25.92 -24.32. -27.89 -39.78 -20.14
63.00 -23.23 -22.01 -24.64 -39.68 -21.92
v i 63.1% -22.46 -21.32 -23.78 -39.51 -19.84
" 63.39 -26.%3 -24.83 -28.63 -39.85% -22.34
s 63.45 -31.94 -29.04 -36.33 -39.98 -27.28
e, 63.60 -25.67? -24.12 -27.%6 -39.85 -24,17
e 4D 63.75 -2%.35% -23.94 -27.17 -39.81 -22.%9
p,ﬁﬂ 63.90 -28.61 -26.%2 -31.37 -39.92 -23.86
K 64.05 -37.66 -32.73 -%8.21 -4@.00 -30.10
T 64,20 -28.11 -26.13 -30.67 -39.97 -32.74
; 64.35 -24.69 -23.39 -26.3% -39.89 -28.42
B 63.50 -23.53 -22.29 -24.98 -39.80 -25.81
; 64.65 -24.30 -22.97 -25.89 -39.86 -27.46
?~$v 64.80 -27.8% -2%5.93 -30.32 -39.9? -34,14
i 64.95 -35.81 -31.13 -42.21 -39.99 -31.83
T 65.10 -34,45 -30,7? -49.99 -39.99 -26.34
: 65.2% -27.92 -2%.98 -30.42 -39.9% -28,49
Ay €5.40 -24.81 -23.41 -26.49 -39.92 -31.30
65.55 -24.21 -22.99 -25.76 -39.94 -34,14
€5.70 -26.13 -24.%2 -28.12 -39.91 -27.60
DY % €5.8% -28.93 -26.06 -30.57 -39.93 -2%5.%6
I\, 66.00 -29.07 -26.88 -32.00 -39.93 -23.57
e 66.1% -32,52 -29.45% -37.31 -39.97 -2%.10
';: 66.30 -35.76 -31.60 -44,03 -39.99 -29.02
A8 66.45 -27.11 -2%.32 -29.3? -39.92 -26.55
a Iy 66.60 -23.96 -22.66 -25.49 -39.80 -24.57
g ; 66.7% -23.26 -22.0% -24.67 -39.75% -24.04
o 66.980 -25.66 -24.12 -27.54 -39.90 -27.67
e 67.0% -3%5.5%7 -31.48 -43.57 -39.98 -22.74
v 67.29 -29.93 -27.54 -33.24 -39.92 -21.82
b 67.35 -29.64 -27.32 -32.82 -39.92 -21.59
)u' 67.%@ -34,04 ~39.48 -48.17 -39,95% -17.989
SO 67.65 -38.48 -27.9% -34.06 -39.91 -18.82
Yo 67.50 -27.%2 -25.64 -29.93 -39.84 -19.48
3 < 67.9% -25.77 -24.19 -27.69 -39.79 -20.84
vty 63.180 -25.44 -22.92 -27.38 -39.76 -19.98
63.2% -26.24 -24.58 -28.31" -39.75 -18.85
— 63. 40 -28.94 -26.06 -30.51 -39.87 -20.17
X 4 68.55 -31.28 -28.S5% -35.28 -39.93 -19.43
A jﬁ 63.79 -34.20 -30.60 -40.47 -39.98 -22.67
o > 68.8% -34.56 -30.990 -41.4% -39.98 -22.89
f'k’ 69.00 -37.26 -32.%0 -48.68 -39.99 -21.5%6
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A
W,

-29.14
-26.31
-26.53
-28.72
-28.91
-28.39
-32.53
-27.46
-24,33
-24.36
-27.%2
-32.04
-28.72
-27.77
-30.81
-31.53
-28.77
-34.00
-27.3%
-23.81
-24.99
-34.99
-33.37
-29.93
-29.63
-29.6€9
-28.89
-29.78
-28.7%3
-28.50
-30.84¢
-33.20
-32.26
-30.29%
-28.58
-28.56
-30.03
-31.23
-29.94
-31.72
-34.,78
-26.62
-23.84

-35.12
-31.45
-27.38
-26.54
-28.62
-34,22
-30.92
~30.67
-33.77
~31.94
-30.19
-29.28
~29.06
-28.793
-23.79
-30.85
-33.18
-34,87
-35.99
~34.86
-39.29
-28,30
-29.17

TABLE VI (cont.)

~-26.93
-24.64
-24.84
-26.60
-26.74
-26.32
=-29.43
-295.58
~22.97
~-23.1S
-25.64
-29.10
-26.60
-25.8S
-28.21
-28.74
-26.65
-30.47
-25.68
-22.53
-23.54
-31.11
-30.04
-27.58
-27.32
-27.34
-26.76
-27.44
-26.64
~26. 44
-28.24
-29.93
-29.27
-27.80
~26.43
-26.48
-27.64
-28.%2
~27.%5
~-28.87
~30.97
-24.90
-24.26
-31.19
~28.68
-295.53
~24.84
~26.%52
-308.68
~-28.28
-28.10
~-30.30
~29.02
~27.74
-27.04
~-26.86
-26.63
~a7.42
~28.22
-29.99
-31.083
-31.74
-31.03
-27.82
-26.26
-26.93
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=32.11
-~28.37
~28.67
-31.9%4
-~31.8¢
~31.19
-37.3%
~29.85
~26.08
-26.23
-29.92
-36.951
~31.93
~30.2%
~34,.54

T ~38%.87

~31.59
~40.07
~29.94
~25.31
~26.7S
~42.18
~38.84
~33.22
-32.79
~32.82
-31.74
~32.98
~31.5¢
-31.21
~34.38
~38.%52

~36.85.

~-33.68
-31.20
-31.29
-33.41
-35.20
~33.24
-35.98
-41.72
-28.7S
-27.76
-42.50
-35.5S%
-29.73
-28.67
-31,40
-408.%52
-34.72
-34.34
-39.63
-36. 3%
-33.62
-32.31
-32.00
-31.5?
-33.086
-34.64
-38.53
-41.93
-44,.067
~41.89
-33.76
-38.98
-32.10%

~-39.99
-39.82
-39.82
-39.87
-39.85
-39.82
-39.9%
-39.83
-39.63
-39.67
-39.89%
~39.995
-39.89
-39.88
-39.99%
-39.95
-39.92
-39.98
-39.93
-39.78
-39.76
-39.98
-39.98
-39.96
-39.96
~39.96
-39.98
-39.99
-39.96
=39.9%
-39.98
-39.99
~39.99
-39.98
-39.93
-39.91
-39.93
-39.95%
~39.9%
-39.95
-39.97
-39.85
-39.88
-39.9?
-39.9%
-39.87
-39.81
-39.87
-39.96
-39.92
-39.91
-39.9%
-39.92
-39.93
-39.89
-39.88
-39.90
~-39.86
-39.88
-39.93
-39.96
-39.98
-39.97
-39.94
-39.83
-39.88

-29.04
-20.7S
~28.34
~18.72
~i7.20
-16.94
-19.96
~19.40
-18.61

c=~19.22

~20.29
~20.54
~20.7%
~21.5%
~23.33
~21.%9
~22.86
~24.26
~26.43
~24.08
~21.11
~23.16
~26.21
~27.08
~26.42
~26.42
~33.74
-36.01
~29. 41
-28.06
-29. 44
-38.82
~30.73
-31.21
-2%.40
-22.78
~21.96
-21.89
-25.71
-28.9¢
-18.49
-22.09
-25.61
-20.29
-21.82
-21.72
-19.8%
-19.923
-18.05
-13.96
-18.63
-16.81
-17.29
-21.89
-19.64
-19,.2%
-21.30
-16.41
-15.42
-15.84
-17.55
-21.49
-20.60

- A
t&.

-17.438
~18.59
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TABLE VI (cont.?

88.99 -29.56 -27.2S -3z2.72 -39.89 -18.65
8%.19 =-23.35 -23.84 -27.17 -39.31 -22.59
83.23 -27.%2 -25.64 -29.93 -39.84 -19.48
89.40 -27.5% -25.68 -29.94 -39.93 ~26.43
89.35 -27.38 -25.893 -29.73 -39.87 -21.72
83.70 +=29.%6 -27.2S -32.7 ~39.89 ~18.65
89.85 -27.58 -25.68 -29.94 -39.93 ~26.43
99.89, -27.5S -25.68 -29.94 -39.93 -26.43
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qq TABLE VII
i PRINTED OUTPUT OF RETURN LOSS FOR 18 dB ATTENUATOR WITH
SHORTED OUTPUT USING SCHOTTKY DIODE DETECTOR
5? DEVICE UNDER TEST : 18 9B ATTENUATOR WITH SHORT
:." Frequency Return Max Ret Min Ret Uncer S22
vt (GHZ) [€-):N ¥-)-¥ (dB) (dB> (dB>
" L]
Y 60.00 20,48 <19, 39 ~1.39 =35.10 ~18.70
: 69.15 -25.04 -23.%6 -26.83 -39.6% -17.%?
) - 60.30 -27.32 -25.46 -29.79 -39.7% -16.18
%} 69.45 -38.32 -27.83 -33.83 -39.90 -18.03
ey 60.50 -32.01 -29.08 -36.47 -39.9% -19.98
B 60.7% -34.00 -30.51 -49.25 -39.95 -16.86
hat 60.99 -30.97 -27.63 -33.46 -39.86 -15.63
vZ : 61.0% ~28.61 -26.%0 -31.41 -39.82 -16.3%
pih 61.20 -27.34 ~25.40 -29.72 -39.78 -17.20
‘ 61.3% -27.04 -2%.23 - -29.32 -39.76 -16.99
61.%0 -27.61 ~2%.69 -30.08? -39.77? -16.14
) 61.65 -26.32 -24.64 -28.42 -39.79 -16.5%9
N 61.80 -26.50 -24.79 -28.64 -39.7% -17.82
b 61.9% -31.31 -28.5%7 -35.33 -39.93 -18.96
'45 62.10 -28.94 -26.77 -31.84 -39.87 -18.51
2 62.2% -2%.81 -24.21 -27.7? -39.69 -17.25%
jgy 62.42 -25.46 -23.93 -27.32 ~39.7% -19.90
ey 62.55 -26.93 -25.16 -29.17 -39.83 -19.98
iy 62.70 -28.24 -26.21 -30.89 -39.8% ~18.%6
P 62.8% -26.05 -24.42 -28.0% -39.79 -20.14
X 63.20 -24.86 -23.42 -26.%8 -39.78 -21.92
ni 63.15% -24.16 -22.81 -2%.75 -39.67 -19.84
s 63.30 -26.41 -24.73 ~28.49 -39.8% -22.34
et 63.45 -29.30 -27.e6 -32.31 -39.96 -27.28
RN 63.69 -27.64 -25.7% -3@.97 -39.91 -24.17
A 63.7% -28.32 -26.29 -30.97 -39.91 -22.%9
o) 63.980 -32.61 ~29.51 -37.48 -39.97 -23.86
AN 64.0% -38.83 -33.37 -56.84 . -40.00 -30.10
h 64.20 -29.88 -27.%2 -33.13. -39.9¢ -32.74
P 64.3% -26.31 -25.08 -28.98 -39.93 -28.42
Mt 64.%50 -25.72 -24.16 -27.61 -39.88 -25.61
RN 64.5% -26.33 -24.68 -28.37 -39.91 -27.46
\ e 64.89 -29.22 -27.01t -22.18 -39.98 -34.14
st 64.3% -32.94 -29.7% -33.0% -39.9% -31.83
o 65.18@ -33.88 -30.28 -39.81 -39.98 -26.84
4 65.2% -29.09 -26.9@ -32.02 -39.96 -28.49
65.49 -26.63 -24.93 -28.74 -39.9% -31.30
6%.5% -26.%6 ~24.88 -28.6% -39.96 -34.14
A5 63.70 -28.68 -26.52 -31.34 ~39.9% ~27.60
SN .85 -38.76 -28.17 -34.45 -39.9¢ ~-25.56
e 66.00 -31.07 -28.49 -34.94 -39.96 -23.%7
‘ 65.1% -31.%3 -28.74 -35.66 -39.97 -25.10
& 65.39 -30.72 -28.15% -34.39 -39.97 -29.02
K 66.45 -27.68 -2%5.78 -30.11 -39.93 -26.55%
o 65.60 -25.67 -24.12 -27.5% -39.86 -24,57
66.7% -25.23 -22.7% -27.02 -39.84 -24.04
- 65.99 -27.21 -25.40 -29.49 -39.93 -27.67
A 67.0% -32.30 -29.6% -37.82 -39.97 -22.74
B r.20 -33.18 -29.90 -38.49 -39.9¢ -21.82
N 67.3% -33.54 -30.15 -39.17 -39.97 -21.%9
o 67.%0 -49.%9 -34.26 -120.00 -39.99% -17.29
tigyd 67.6% -33.73 -30.32 -39.66 -39.9¢ -18.82
. 67.80 -32.07 -27.64 -33.44 -39.91 -19.48
T, 67.9% -27.89 -25.34 -39. 41 -39.87 -20.84
68.19 -27.8% -25.94 -38.42 -39.88 -19.98
kv 68.2 -28.82 -26.5%1 -31.40 -39.8% -18.95
o €3.49 -38.29 -2rv.81 -33.77 -39.92 -20.17
e 62.%5 -34.03 -30.48 -40.14 -39.98 -19.42
. 63.79 -36.19 -31.86 -45.21 -39.98 -22.87
ey 63.3% -36.36 -22.26 ~47.24 -39.99 -22.99
W] 6. 00 -34.48 -30.78 -41.07 -39.97 -21.56
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;5 TABLE VII (cont.)?
E"
A .
) €9.1% -39.38 -27.88 -33.91 -39.92 -20.04
w 63.30 -28.32 -26.29 ~30.99 -29.88 -20.7S
3@ 69.45 -28.%4 -26.46 -31.29 -39.88 -20.34
J' 69.69 -31.44 -28.68 -35.5%4 -39.93 -18.72
A 69.7% -30.82 -28,29 -34.5%8 ~39.90 -17.29
i €9.90 -30.37 -27.86 -33.99 -39.89 -16.94
i ' 70.9S -29.72 -27.38 -32.94 -39.91 -19.96
’ 79,20 -27.74 -25.82 -30.22 -39.84 -19.40
79.3% -26.23 -24.57 -28.29 -39.76 -18.86¢
at 70.%0 -26.80 -25.85% -29.00 -39.80 -19.22
tb 70.6S -309.37 -27.8?7 ~33.88 -39.92 -20.20
A1 72.8@ -38.28 -33.07 -%3.26 -39.99 -20.54
> 70.95% -33.77 -20.31 -39.62 -39.9?7 -20.7%
N} ?1.10 -30.33 -27.8% -33.82 ~39.93 -21.%%
o 71.2% -34.61 -30.87 . -41.34 -39.98 -23.33
] 71.40 -37.7% -32.77 -%50.61 -39.99 -21.%9
?1.55% -33.30 -29.99 -38.71 -39.97 -22.86
?1.79 -38.22 -33.04 -52.91 -39.99 -24.26
K ?1.8% -29.83 -27.47 -33.097 -39.96 -26.43
0 72.900 -25.71 -264.15 -27.61 -39.86 -24.98
%ﬁ 72.15% -26.62 -24.990 -28.76 -39.84 -21.11
L2 72.30 -32.90 -29.72 -37.99 -39.97 -23.16
s 72.45 -36.25 -31.9@ -45.36 -39.99 ~26.21
Ry 72.60 -32.83 -29.67 -37.84 -39.98 -27.08
e 72.7% -3s.30 -31.31 -42.89 -39.99 -26.42
® 72.90 -33.9?7 -30.44 ~39.99 -39.98 -26.42
" ?3.05 -33.7% -30.30 -39.5%% -39.99 -33.74
L ) 73.20 -35.58 -31.49 -43.5%7 -40.00 -36.01
}4( 73.39 -32.45 -29.40 -37.18 -39.98 -29.41
) ?3.50 ~32.08 ~29.14 -36.%6 -39.98 -28.06
+& ?3.65% -34.67 -398.91 -41.44 -39.99 -29.41
BT 73.80 -39.90 -33.93 ~-78.82 -40.00 -30.82
: ?3.9% -40.79 -34,36 -120.00. -49.00 -38.73
Fa 74,10 -33.91 -30.4¢ -39.88 -39.99 -31.21
b 74.2% -32.26 -29.27 -=36.87 -39.97 -2%5.40
5 : 74.49 -33.41 -20.06 -38.91 -39.97 -22.78
& 74.55% -35,53 -31.46 -43.48 -39.98 -21.96
55 74.70 -40.14 -34.05 -1208.00 -39.99 -21.89
74,89 -37.10 -32.41 -48.07 -39.99 -25.71
h 7%.00 -35.64 -31.52 -43.74 -39.98 -28.90
it 75,15 -39.78 ~33.87 -72.42 -39.99 -18.49
M ?%.30 -29.27 -27.04 -32.2% -39.92 -22.09%
. ’ ?%5.4% -28.06 -26.08 -30.61 -39.93 -25.61
?5.60 -33.55 -30.16 -39.20 -39.96 -20.29
. ?5.7% -33.39 -30.05 -38.89 -39.97 -21.82
Q 7%.99 -30.22 -27.76 -33.66 -39.93 -21.72
76.0% -29.41 -27.14 -32.49 -39.90 -19.8%
. 76.20 -31.83 -28.9% -36.16 -39.94 -19.03
, 76.3% -40.68 -34,31 -120.@0 -39.99 -18.0%
W 76.%0 -36.2% -31.89 -45.39 -39.98 -18.98
Al 76.6% -36.03 -31.76 -44.77 -39.97 -18.63
76.80 -41.49 -34,69 -120.00 -39.99 -16.81
) 76.3% -37.61 -32.69 -%2.905 -39.98 17,29
; ?77.10 -34,66 -30.90 -41,45 -39.98 -21.89
K'a, ?7.2% -32.78 -29.63 -37.78 -39.95% -19.64
.. 77.40 -32.9% -29.74 -38.08 -39.95% -19.25
- 77.5% -32.63 -29.5%52 -37.51 -39.9¢ -21.30
4R 77.79 -33.%8 -30.17 -39.26 -39.94 -16. 41
e 77.8% -34.869 -39.91 -41.54 -39.9% -15.42
0 78.00 -37.39 -32.57 -49.12 -39.97 -1%,34
?8.19% -37.84 -32.83 ~-51.87 -39.98 -17. 55
= 78.30 -42.43 -3%.11 -120.00 -40.00 -21.49
( N 78.4% -39.1% -32.54 -%59.87 -39.99 -20.60
) 79.60 -34.78 -30.97 -41.71 -39.98 -22.23
.ﬂ 79,79 -31.862 -28.79 -25.83 -39.92 -17.48
.\ ?8.90 -32.18 -29.19 -36.72 -39.94¢ -18.65%
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! 8%.20 ;8.0 2 bt i i
L 8%.35 -49.68 -34. 69 120.00 e i
8%.%50 -41,49 a8 7% S i
t 8%.65 -32.78 129:63 gt i i
8%.880 3z et e 5 -;2.33
by 8%.9% 133 “33as g 5 i
) 86.18 AR 30027 £ i .
D) 86.2% T3e-7e N e i+ i
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¥ TABLE VII (cont.)

L

¥r

, 88.99% -31.69% -28.82 -35.88 -39.93 -18.6%
_9';' 89.19 -28.32 -26.29 -39,97 -39.91 -22.9%9
v, 89.25% -30.07 -27.64 -33,44 -39.91 -19.48
i 89.49 -29.233 -27.47 -33,07 -39.96 -26.42
Y, 89.5S -30.22 -27.76 -33.66 -39.93 -21,72
¥ 89.70 -31.63 ~28.82 -35.38 -39.93 -18,653
LFR v 99.85 -29.83 -27.47 -33,.07 -39.96 ~26.43

90.90 -29.83 -27.47 -33.07 ~39.96 -26.43
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DEVICE UNDER TEST : 0

TABLE IX

b SR e Bni At 2o A B Atk S AT g BLs Lilaih aii aas - aos - adeh oB8 ke BA-ood o al e et el SN 'v'“wj

PRINTED QUTPUT OF INSERTION LOSS FOR 0 dB ATTENUATOR
SCHOTTKY DIODE DETECTOR

3B ATTENURTOR

USING

Frequency [nsertion tax Ing Min Ins Max Unc Min Unec
(GHZ> <dB> <dB> (dB> “dB> (4B
60.00 -.50 -. 23 -.95 L37 - 37
60.30 -. 61 -, 44 -.78 v -.17
62.50 -.35 -.20 -.49 .18 - 15
69.90 -.26 -.08 -.45 .18 -.18
61.20 -.46 -.28 -. 64 .18 -.18
61.59 -.59 -.42 -.75 .16 -.16
61.30 -.51 -.36 -.6% .14 -.14
62.10 -.27 -.12 -. 41 .15 -. 14
62.48 -.48 -.36 -.61 .13 -.13
62.70 -.55 -.37 . =72 .18 -.18
63.99 -.43 -.24 -. 61 .19 -.18
63.30 -.486 -.28 -.64 .18 -.18
63.60 -.41 -.11 -.70 .30 -
63.90 -.41 -.24 -.57 W17 -.17?
64.20 -.39 -.26 -.%52 .13 -.13
64.50 -.32 -.18 -.46 .14 -.14
64.30 -.38 -.25 -.%58 .12 -.12
65.10 -.35% -.26 -.44 .99 -.99
65.40 -.68 -.50 -.71 .18 -.10
65.70 -.40 -.27 -.53 .13 -.13
66.00 -.3% -.22 -.48 .13 -.13
66.30 -.43 -.33 -.53 .10 -.10
66.60 -.38 -.28 -.49 .10 -.10
66.90 -.3% -.16 -.53 .19 -.19
67.20 -.45 -.36 -.%53 .98 -.98
67.50 -.29 -.23 -.54 .16 -.16
67.80 -.53 -.38 -.67 .14 -.14
68.10 -.33 -.24 -.43 .99 -. 09
68.40 -.34 -, 24 -.44 .19 -.10
68.70 -.36 -.27 -.45% .99 -.99
69. 00 -.42 -.32 -.53 .11 -.11
69.30 -.31 -.15 .47 .16 -.16
69.60 -.3% ~.17 .83 .18 ~.18
69.9@ -.32 - 15 -.49 17 .17
79.20 -.23 ~.03 -.42 .2 ~.19
79.%0 -.42 ~.29 -.%4 .13 -.13
79.30 -t ~.82 -.29 .14 ~.12
71.19 -.31 ~.20 -.42 .11 ~-.11
71.49 -.34 ~.22 -.46 .12 ~.12
71.79 -.32 -.22 -.42 .10 ~.10
72.00 -.26 ~.85 -.47 .2 -.21
72.30 -.25 ~.07? -.43 .18 ~.18
72.60 -.37 -.26 -.48 W11 - 11
72.90 -.27 ~.17 -.37 .10 .10
73,20 -.46 ~.36 -.%56 .10 .10
73.%0 -.42 ~.32 -.%3 .0 .10
73.80 -.43 ~.3% -.51 .98 -.98
74.10 -.33 ~.27 -.39% .26 -.06
74.40 -.44 ~.37 -.52 .98 -.e8
b 74.70 -.44 ~-.36 -.%3 .09 -.99
i 75.00 -.40 ~. 24 -.56 .16 -.16
o~ 7%.30 -.37 -, 25 -.49 .12 -.12
. 75,60 -, 46 -.3% -.s6 Y -1
~ 7%.90 -, 42 2 -.52 .10 -.10
I 76.20 -.32 -.22 -.42 .10 -.19
39 76.%0 - 47 -.38 -.57 .99 -.99
76.30 -.%3 -. 45 -.81 .98 -.933
77.19 -.49 -. 40 -.53 .99 -.99
77,42 -.%3 By -.63 19 -.10
?7.70 -, -.43 -.70 19 -.10
79.00 -.57 -. 38 -.569 12 -.12
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TABLE IX (cont.)

73.30 =44
7?8.69 -.38
73.99 -.42
79.29 ~-.46
79.%0 -.59
?79.89 -.36
8a.1@ -.33
80.40 -.23
80.790 -.34
81.00 -.45
81.30 -.61
81.69 ~.43
81.9@ -. 41
82.20 -.41
82.50 -.39
82.890 -.40
83.10 -.49
. 83.40 -.61
83.70 ~.47
84.00 -.33
84.30 -.49
84.68 -.42
84.90 -.37
85.20 -.36
85.50 -.51
85.80 -.33
86.10 -.43
86,40 -.32
86.79 -.30
87.00 -.36
87.30 -.43
87.60 -, 42
87.90 -.81
88.20 ~.48
88,350 -.42
88.80 -. 45
89.10 -.38
89.40 -.26
89.70 -.44
90.00 -.52
I" .-' ‘ * -

-.33
-.2

-.32
-.33
-.48
-.23
-.20
-.13
~.23
-.30
-.48
-.31
-.31
-.30
-.25
-.33
-.33
-.53
-.38
-.17
~-.14
-.20
-.17
-.20
-.39
-.42
-.34
-.24
-.23
-.28
-.34
-.38
-.%53
-.27
-.18
-.22
-1
-.05
-.2?

-.36
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-.55

-53

-.865
-.48
-.49
-.36
-. 44
-.60
-.73
-.5?7
-.51
-.52
-.44
-.47
-.48
-.78
-.56
-.32
-.85
-.635
-.%6
-.31
-.63
-.63
-.53
~-. 41
-.36
~.44
-.32
-.53
-.70
-.68°
-.65
-.58
-.61
~.48
-.61
-.68

r
(3

Lt M

ol '.‘

.11
.13
11
.08
.99
.13
.15
.11
.10
-]
.13
.13
.10
11
.10
.87
.98
.89
.89
.17
.23
.23
.29
.16
<12
.10
.18
.28
.87
.98
.89
12
.99
.21
.24
.23
.23
21
W17
.16

LY

-.13
-.11
-.08
-.89
-.13
-, 14
-. 11
-.10
-.13
-.12
-.13
-.10
-. 11
-.10
-7
-.08
-.289
-.09
-.17
-.25
-.22

-.19

-.12
-.10
-.10
-.08
-.97
-.28
-.99
-.11
-.09
-.20
-.23
-.23
-.23
-.21
-.17
-.18
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TABLE X

PRINTED OUTPUT OF INSERTION LCSS FOR

SCHOTTKY DI

DEVYICE UNDER TE:IT 1 1R STTEe =
Frequenc. Trngart - - "a
(GHZ a8 <F
59.499 -19. "% .
63.29 -19.47 .
59.50 -19.:13 o
0. 30 -18.19 R
61.29 -10.:8 FONIN
61.%9 -19. 38 "
61.30 -19, 48 o n
62.10 -10@. 34 -
62.49 -19.52 oos
62.70 ~-19.62 O
63.08 -198.%4 PRI
63.30 -109.4¢ QL3
£3.50 -10.4¢ e
63.98 -19.47 S
64.2 -19.5% T
64.59 -19.53 oo
64,39 -19.685% o
65.10 -108.69 -.9. %a
6%5.40 -190.93 ~1d.33
65.79 -10.73% ~18, 5%
66,900 -11.93 -10. 3e
€6.130 -11.12 ~11.9¢
66,60 -19.139% ~19.30
66.30 -10.31 ~19.71
67.20 -18.91 ~19.3%
67.50 -11.26 ~l1.16
67.30 -11.46 ~11. 34
68.10 -11.34 ~11.2
68.40 -11.46 ~11.37
68.70 -11.34 ~1:.27
69.020 -11.46 ~1..37
69.30 -11.49 -11.28
69.60 -11.58S ~11.42
69.90 -11.49 ~11.28
79.20 ~10.31 -19.17
70.50 -10.5@ -18.41
79.30 -19.28 ~-10.18
71.10 -10.30 -19.21
71.40 -10.49 -10.41
71.79 -19.44 ~-10.37
72.00 -18.44 -19.30
72.30 -10.59 -10.46
72.68 -18.61 -108.353
72.90 -10.67 -10.60
73.29 -198.81 -18.71
73.50 -18.92 -10.72
73.80 -10.79 -18.71
74,10 -19.80 -108.74
74,40 -10.82 -19.76
74.79 -19.61 -10.%3
7%.00 -10.44 -10.31
75,30 -10.58 -19.46
73.60 -10.87 -10,78
?%.30 -11.989 -10.99
?76.20 -11.902 ~10.32
76.58 -11.26 -11.14
76.30 ~11.49 -11.27
7.10 -11.33 -11.39
?7.49 -11.43 -11.28
??.79 -11.48 -11.32
?3.99 -11.6% -11.48
146
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~11.44
-11.39
~11.4}]
-11.3%
-11.931
-11.87
-11.6¢
-10,4%
-108.30
-19.138
-10.39
-10.5?
-10.951
-19.%8
-18.72
-18.69
-10.73%
-19.90
-10.31
-10.87?
-10.36
-18.38
-10.7

-10.5%5?
-18.79
~18.96
-11.19
-11.12
-11.39
-11.33
-11.68
-11.%8
~11.83
-11.31
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TABLE X ¢
cont.)
73.30
: 78.60 s
.. ?38.99 o 3 :
; | ?79.20 i1 de ghet 45
‘ ?9.59 T1ee s s :
?9.88 lies S e : ;
vy 80.10 -11.65 s izl i i
N 80.40 el sl s : |
7& 88.70 o ox Cies St .la .
i 31.90 N el S i :
) 81.30 i os -isies S8 : .
KAk 81.69 Tler o Cisias e : .
il 81.90 -10.9% o -iilis i s
82.20 -10.76 et e i -.11
hr “iels lelae -11.,10 le s
2 82.80 e Ciola: S i :
"’ 83.10 -11.01 s1e.32 :10.9‘ i §
) 83.40 i ee Cioe2 i £ E
" 83.70 il e et ¢ :
) 84.00 Tl i3z i i :
o 84.30 Tle Cioiss i : £
R 984,60 -109.82 o .-“.w it =
0 84,90 1o es ol s : -
. 8%.20 BEb b Cioles i -16 -
N 85.%0 -10.81 e “iols i -.is
< 85.80 A -iiie S + :
-(IQ 86.19 -11.27 Tl s 3 :'19
"l 86,40 ie2s s S + :
W 86.7@ s il i : _.98
e 87.00 has Ciiis S : :
bty 87.3@ e Sl i .e? :
D 87.69 il e i i -
h 87.99 P RHE i : -.86
1 g88.20 e i s : :
o se. 30 - ST 0 -e? 3
I 88,80 ige il S8 .99 :
"o 89.10 428 Sl S g :
n 89,40 i Rt S : :
k) 89.7@ I it S : .
s 98.90 s il S8 : :
T T -11,44 " o
i -11.42 s 13 B
’ -11.71 e i
| e -.14
‘ -~ .
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¢ TABLE XI
' PRINTED OUTPUT OF INSERTION LOSS FOR 20 dB ATTENUATOR USING
SCHOTTKY DIODE DETECTOR
L% DE“ICE UNDER TEST : 29 3B ATTENURTOR
Frequency Insartion Mz Ins Min Ins Max nie Min Une
! (GHz» {dB)> <dB> “dB> (dB L 4B
iI 50,00 -20.52 ~29.26 -29..3 .26 -. 36 .
b 69.30 -28.22 -20.10 -20.33 12 -.12
60,50 -19.93 -19.35 -20.91 .98 -.908
e 60.90 -19.96 -19.87 -20.06 .10 -.10
18 61.28 -19.99 -19.34 -20.14 .15 -. 15
1 61.59 -20.17 -20.09 -20.34 .17 -.17
1 61.890 -20.34 -209.23 -20.45 Rt -1l
ey 62.18 -29.22 -20.11 -20.33 L1t -1
*y 62.49 -20.45 -29,29 -20.50 .16 -.16
) 62.79 -28.41 -20.26 . =-20.55 .15 -.15
. 63.00 -29.39 -20.26 -20.53 .14 -.13
63.30 -20.33 -20.15% -20.%@ .18 -.17
63.60 -208.35% -20,22 -20.48 .13 =13
63,90 -29.36 -28.22 -28.%0 .14 -.14
. 64,20 -20.55 . -20.43 -20.6¢6 .12 -.12
p o 64.50 -20.54 -20.42 -28.55 .12 -.11
64,30 -20.55% -20.54 -20.7 St -.19
. 65.10 -28.59 -20.5%8 -20.30 L1 -1t
P, 65.40 -20.96 -29.85% -21.96 .10 -.10
¢ 65.70 -20.38 -20.78 -20.37 .1@ -.10
66.00 -21.92 -20.92 -21.12 .10 -.10
. 66,30 -21.88 -20.%7 -21.2 .11 - 11
k- 66.60 -20.98 -20.37 -21.989 .11 -1
o 66.99 -20.97 -20.36 -21.88 Y -1t
. 67.20 -21.06 -21.00 -21.12 13 -.06
~ 67.50 -21.36  -21.27 -21.46 .10 -.19
5 67.30 -21.51 -21.40 -21.62 W11 - 11
& 68.10 -21.49 -21.31 -21.5%8 .18 -.10
k 68.40 -21.%@ -21.41 -21.58 .09 -.09
68,790 -21.%8 -21.43 -21.57 .87 -.07?
. 69.20 -21.6% -21.5% -21.7% .18 -.10
" 69.30 -21.68 -21,54 -21.77 .12 - 12 :
. 69.69 -21.84 -21.72 -21.95% .12 -.12
o 69.90 -21.7 -21.5%7 -21.33 .13 -.13
3 79.20 -20.20 -20.07 -298.34 W13 -.13
i 78.%@ -20.34 -20.26 -20.42 .08 -.28
h 78.30 -20.29 -28.99 -20.18 .09 -.99%
71.109 -29.24 -20.1% -28.32 .88 -.908
71.49 -20.30 -20,24 -208.37 .07 -.97
%, 7107 -20.42 -20.33 -20.5%52 .09 -.99
72.00 -20.%0 -20.36 -20.64 .14 -. 14
72.30 -20.59 -20.48 -20.71 W12 -.12
| 72.60 -20.68 -20.61 -20.76 .97 -.97
;' 72.98 -29.58 -20.51 -20.55 .07 -. 97
) ?3.208 -20.84 -20.77 -20.92 .98 -.88
. 73.%@ -21.01 -20.93 -21.09 .98 -.08
73.80 -20.93 -20.86 -21.90 .87 -.97
74,10 -20.92 -20.36 -20.97 .85 -.85%
, 74.40 -20.93 -20.36 -20.99 .06 -.36
W} 74.70 -208.72 -20.66 ~20.77 .88 -.98
% 75,089 -29.32 -20.22 -20. 41 .89 -.99
K 7s.30 -20.59 -28.48 -20.69 L1 -. 11
& 7S.58 -20.39% -20.31 -20. 35 .08 -.93
7%.99 -21.909 -21.02 -21.15 .7 -.07
76,29 -21.81 -20. 34 -21.08 .97 -.97
76.59 -21.41 -21.32 -21.%8 .99 -.09
hro 76.30 -21.53 -21.34 -21.62 .93 -.99 J
4 77.19 -21.51 -21.42 -21.69 .99 -.29
< ?7.49 -21.52 -21.42 -21.61 .10 -1
“ ?7.70 -21.863 -21.5%3 -21.72 .10 -.19
! 73,90 -21.72 -21.52 -21.82 .10 -.10
o
. .
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v
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o TABLE XI (cont.?
Y
1
(N 73. 3¢ -21.%6 ~21.4% -21.8% .10 -.19
73,69 -2t.44 -21.34 -21.%4 19 -.19
S 73.99 -21.57 ~21.49 -21.65 .88 ~.98
O 79.2 -21.82 -21.7% -21.89 .07 -.98?
) ?9.%8 -22.93 -21.94 -22.13 .10 -.10
"2 . 73.80 -21.72 -21.862 -21.82 .19 -.19
: §0.10 -29.89 -20.78 -21.01 L1 -1t
89.48 -20.85 -20.76 -23.94 .99 -.89
' 8e.7e -2t.18 ~21.11 -21.26 .98 -.88
" 81.90 -21.2 -21.17 -21.32 .08 -.88
A 81.38 -21.22 -21.11 -21.33 L1 - 11
) 81.60 -21.04 -29.92 -21.1% .12 -.12
P 81.99 -20.97 -20.89 -21.0% .98 -.88
i 82.28 -20.94 -208.8?7 -21.01 .97 -.0?7
v 82.50 -20.96 -20.88 . =21.903 .97 -.07
8z.80 -21.14 -21.99 -21.20 .96 -.8¢
83.10 -21.89 -21.03 -21.1% .95 -.96
83.40 -21.27 -21.082 ~21.13 .96 -.96
z 83.79 -21.02 -29.95 -21.99 .97 -.97
Lo 84.00 -20.74 -29.51 -29.37 .13 -.12
y 84.30 -20.85 -20.68 -21.02 17 -7
o 84.69 -20.80 -20.82 -20.98 .18 -.18
X g84. 9@ -2a.80 -28.65 -20.95 .15 -.18
Ve 8%.29 -20.96 -28.85 -21.96 .10 -.10
- 85.59 -21.06 -20.98 -21.14 .08 -.88
85.89 -21.06 -20.98 -21.14 .88 -.88
Y 86.19 -21.09 -21.03 ~21.15 .08 -.86
- 86.40 -21.84 -20.98 ~21.19 .26 -.06
g 86.70 -21.18 -21.04 -21.16 .86 -.06
. 87.09 -21.26 -21.21 -21.32 . 2% -.85
k- 87.30 ~21.39 -21.32 -21.46 .87 -.97
W 87.50 -21.27 -21.20 -21.34 a7 -.97
2 87.90 -21.37 -21.31 -21.44. .07 -.97
D 88.29 -21.23 -21.87 -21.33 .16 -.186
&, 88.%@ -21.13 -28.96 -21.320 .17 -.17
88.39 -21.19 -21.02 -21.38 v -7
o §9.10 -21.83 -29.86 -21.20 .17 -7
3 89.48 -21.3% -21.19 -21.51 .16 -1
X 89.70 -21.36 -21.23 -21.%0 .13 -.i3
" 90. 09 -21.42 -21.29 -21.%6 J14 -.13
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)
. PRINTED OUTPUT OF INSERTION LOSS FOR 30 dB ATTENUATOR USING
i SCHOTTKY DIODE DETECTOR
DEVICE UNDER TEST : 39 dB ATTENURTOR
oyl 1
'ﬁ: Frequency Insertion Max Ins Min Ins Max Une Min Ung
,“"1 (GHZ, <(dB)> (dB> [€-):3] (gB> «dB>
s
) 69.00 -30.24 -27.98 ~30.50 T —.z%
i 60.30 -29.80 -29.68 -29.92 a2 -2 o
R 60.60 -29.23 -29.15% -29.31 .08 -.08
60.990 -29.86 -29.7% -29.97 L1t -.11
- 61.20 -29.54 -29.37 -29.79 .16 -.18
iq 61.50 -29.87 -29.68 ~30.0% .18 -.18
33; 61.80 -30.19 -30.08 -30.31 .11 - 11
o 62.1@ -29.89 -29.77 -30.00 L1 - 11
4h 62.40 -29.88 -29.72 -308.04 .18 -.16
+8 62.70 -30.12 -29.96 | -30.27 .15 -.15
e 63.00 -30.00 -29.86 -30.14 .14 - 14
} 63.30 -29,71 -29.%4 -29.89 .18 -.18
63.60 -29.81 -29.69 -29.94 .13 -.13
o 63.90 -30.084 -29.98 -30.18 .14 -.14
p\s 64.20 -30.48 -38.36 -38.61 .13 -.13
N 64,30 -30.20 -309.08 -39.32 .12 -.12
- 64.808 -30.32 -30.280 -38.43 .12 -.12
K 65.10 -30.14 -309.03 -30.26 .12 -.11
oy 65,40 -30.82 ~36.71 -30.93 .11 -1
s 65.70 -38.58 -38.47 -30.68 .10 -.19
Ty 66.00 -31.02 -30.92 -31.11 .19 -.10
p 66.30 -30.79 -30.67 -20.99 .12 -.12
Y €5.60 -3Q.7% -30.63 -30.86 .12 -.12
v €5.90 -30.45 -30.34 -30.56 .11 -1
ib 67.20 -30.72 -39.67 -30.78 .08 -.96
. €7.%0 -31.20 -31.11 -31.39 .10 -.10
67.89 -31.05% -30.93 -31.16 L1t -.11
6€8.10 -31.08 -30.97 -31.18 .18 -.10
o 68.40 -31.50 -31.41 -31.59 .99 -.99
) 68.70 -31.25 ~31.17 -31.32 .08 -.08
.. €9.0@ -31. 44 -31.33 ~31.54 L1 -1
Jl €9.30 -31.19 -31.9¢ -31.31 .12 -.12 p
p 69.60 -31,48 -31.37 -31.60 S -1
69.90 -31,31 -21.68 -31.%4 .13 -.13
e ?9.29 -29.83 -29.79 -29.9¢ .13 -.13
] 79.%0 -3@.35 -30.27 -39.43 .93 -.08
R ln 70.80 -29.72 -29.63 -29.80 .89 -.89
N r1.10 -29.47 -29.39 -29.54 .88 -.08 1
?1.49 -20.27 -30.21 -30.34 .86 -.06
) ?1.70 -30.31 -38.21 -30. 41 .18 -.10
¢ r2.00 -30.97 -29.92 -30.22 .15 -.15
)5 72.30 -30.38 -30.26 -39.49 .12 -.12
' 72.69 -30.37 -38.39 ~39.45% .07 -.97
o ?2.90 -30.05 -29.98 -3e.11 .07 -.96
*5? ?3.20 -30. 44 -30.37 -30.51 .07 -.07
i : ?3.5@ -30.47 -30.48 -308.54 .87 -.e?
A 73.80 -38.12 -30.985 -38.18 -1 -.86
74.10 -30.%4 -39.49 -20.69 .es -.8%
N 74,40 ~36.42 ~39,37 -29.4323 .05 -.0%
oY 74.70 -39.25 ~38.19 -30.30 . 9% -. a5
Ay 7%5.00 -39.14 -32.06 -30.21 .08 -.98
A 7s. 390 -30.18 -36.08 -30.27 .10 -.10
0 7%.60 -39.6% -30.57 -39.72 .e8 -.98
’ >%.90 -30.31 -30.74 -30.88 .97 -.07
ity 75,20 -38.65 -30.59 -39.72 .95 -.96
75.50 -31.04 -30.98 -31.11 .08 -.08
- 76.30 -31.27 -31.21 -31.34 .07 -.97
Wy bR ] -31.36 ~31.29 -31.43 .7 -.9?
oy 77,49 -21.08 -31.91 -31.18 . 08 -.08
i .79 -31.43 -31.36 -31.% .98 -.908
K 78.90 -31.3% -31.27 -31.42 .98 -.98
Ay
W 4
af
A\
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73.39
78.69
?8.990
79.20
79.59
79.89
80.19
80.40
ge.7e
81.00
81.30
81.60
81.90
82.29
82.5@
82.890
33.10
83,40
83.70
84,08
84,30
84.69
84,90
83,20
83.50
83.80
86.10
86.40
88.70
87.00
87.30
87.60
87.90
88.20
88.50
88,30
89.19
89,40
89.70
90.90

-31.1¢
-31.2%
-31.60
-31.89
-31.86S
-31.76
-29.97
-30.79
-30.77
~-368.31
-30.83
-30.49
~30.04
-30.30
-38.19
-30.14
-30.57
~30.93
-30.46
-38. 3@
-39.13
-38.29
-30.51
-38.351
-30.68
-30.92
-30.59
-30.36
-30.62
-30.68
-30.99
-30.96
~-30.93
-38.78
=-30.77
-30.8S
-30.42
-30.76
-31.19
-31.04
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TABLE XII (cont.)

-31.09 =31.24 .08 -.903
-31.17 -31.33 .96 ~-.98
-31.33 -31.67 .07 -.9?7
=-31.862 =31.79 -1 -.96
-31.87 -31.73 .88 ~.08
~31.68 -31.85 .99 ~.09
-29.87 -38.07 .18 -.19
-30.64 -30.86 11 -. 11
-30.68 -30.86 .99 -.99
-38.2! -38.41¢ .10 -.1@
-30.7?7 ~30.93 .08 -.08
-3e.31 ~30.49 .09 -.09
-29.97 -30.10 .87 -.07
-30.23 -30.38 .98 ~-.08
-30.12 . ~38.26 .87 -. 97
-30.08 -30.20 .86 -.06
-30.31 -30.62 .06 ~. @86
-30.89 -31.81 .06 -.06
~-30.39 -3e.52 .96 -.96
~3e.19 -30.41 11 =11
~29.96 -308.29 .17 - 17
-30.11 -30.48 .19 ~.19
-30.34 ~-30.67 .16 -.16
-38.40 -38.62 .11 -. 11
-39.58 -30.77 .09 -.29
-30.83 -31.082 .99 -.e9
-30.353 - =30.865 .86 -.06
-30.30 -30.42 .96 -. 06
-30.57 -30.67 .83 -.03
-30.62 ~30.74 .86 ~.06
-30.93 -31.05 .06 -.06
-30.89 -31.03 .97 -.07
-30.86 -32.99. .97 ~.0?
~30.82 -30.93 .18 -.15
~30.60 ~30.94 .17 -.17
-30.68 -31.01 .16 -.16
-308.25 -39.959 .17 -.17
-30.60 -30.31 .le -.13
-31.0% -31.323 .14 -.14
-30.90 -31.19 .14 ~. 14
181
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TABLE XIII

PRINTED OUTPUT OF INSERTION LOSS FOR 40 dB ATTENUATOR USING
SCHOTTKY DIODE DETECTOR

DEYICE UNDER TEST : 49 dB ATTENURATOR

L} Frequency Insertion Max Ins Min Ins Max Wnc Min Unc
| (GHz? <dB> 4B <dB> <aB> (aB’
f
' 60.09 =37.22 ~36.36 -37.49 27 - z7 .
of 60.30 -36.43 -36.31 -36.56 .13 -.13 .
60.60 -37.54 -37.45 -37.62 .09 -.99
60.90 -37.%4 -37.44 -37.64 .10 -.10
! 61.20 -37.34 -37.68 -38.90 .16 -.18
61.59 -38.46 -38.27 -38.64 .19 -.18
; 61.30 -37.42 -37.32 -37.5%3 L1 -.11
! 62.10 -37.24 -37.13 -37.36 W12 -.12
62.40 -37.66 -37.50 -37.81 .16 -.16
> 62.78 -39.22 -39.87 - -39.38 .16 -.15
63.90 -37.31 -37.16 -37.4% .14 -.14
63.30 -41.66 -41.48 -41.34 .18 -.18
63.50 -48.32 -48.19 -40.44 .12 -.12
63.99 -39.04 -38.91 -39.17 .13 -.13
\ 64.2@ -38.42 -38.30 -38.%3 W12 -.12
P> 64.%0 -39.18 -39.087 -39.30 .11 - 11
64.80 -38.6% -38.54 -38.76 L1t -1
65.10 -37.0% -36.93 -37.16 .1t -.11
1 65.40 -42.67 -42.56 -42.78 L1 - 11
- 65.78 -48.04 -39.94 -48. 14 .18 -.10
66.90 -49.23 -40.13 -40.32 .10 -.18
66.30 -40.90 -40.78 -41.02 J12 -.12
66.50 -38.83 -38.71 -38.35 .12 -.12
1 66.90 -40.13 -40.02 -48,25% W1 -1
67.20 -39.97 -39.91 -49.83 .86 -.96
5 67.59 -39.45 -39.35 -39.5%6 .10 -.19
A 67.80 -41.33 -41,22 ~41,44 .11 -.11
68.19 . -40.62 -40.52 -48.72 .19 -.10
68.40 -45,.35% -45.77 -45.94 .99 -.99
68.70 -39.79 -39.72 -39.87 .87 -.97
: 69.00 -39.19 -39.09 -339.29 .10 -.19
R €9.30 -42.70 -42.58 -42.82 Q12 -o12 .
' 69.60 -39.27 -39.15% -39.39 .12 -.12
A 69.90 -43.82 -43.69 -43.9% .13 -.13
: 79.20 -49.97 -49,34 -41.10 .13 -.13
: 78.50 -39.34 -39.7% -39.93 .89 -.99
oY 709.80 ~41.43 -41.3% ~41.51 .08 -.e8
71.10 -38.42 -38,33 ~38.%0 .08 -.08
71.40 -40.64 -40.58 ~-48.70 .86 -.86
y 71.70 -48.31 -48,21 -49.41 .19 -.10
: 72.00 -49.26 -48.10 ~40.41 W15 -.15
i 72.30 -42.34 -42.23 ~42.46 .12 -.12
72.60 -42.92 -42.3% -42.99 .87 -.97
p 72.90 -39.39 -39.33 ~39.46 .87 -.97
Y 73.20 -38.60 -38.%2 ~38.67 .07 -.07
' 73.50 -49.80 -40.73 ~40.87 .07 -.07
73.8@ -37.5%9 ~-37.53 ~37.65 .96 -.06
74.10 -38.97 ~38.91 ~39.03 .06 -.026
A 74.40 -41.71 ~41.65 ~41.76 .96 -.96
: 74.70 -38.56 -38.5%0 ~38.62 .96 -.96
¢ 7%5.08 -42.99 -42.51 ~42.66 .87 -.07
. 7%.30 -39.39 -39.28 ~39.49 .19 -.10
¥ 7%.60 -40.61 -48.53 ~48.59 .08 -.028
» 75.90 -49.33 -48.75 -49.90 .97 -.97
76.20 -39.63 -39.%7 ~39.70 .97 -.97
76.5@ -49.57 -40.50 ~498.63 .97 -.07
. 76.30 -43.51 -43.44 -43.5? .87 -.97
! ?7.10 -40.24 -40,18 ~40.31 .86 -.26 ‘
! ?7.40 -42.32 -42.7% -42.38 .97 -.97
p 77.79 -42.1% -42.09 ~42.21 .96 -.96
. 78.00 -42.71 -42.63 -42.73 .08 -.98
]
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viy TABLE XIII (cont.)
L]
78,30 -41.83 -41.78 -41.99 .97 -.07
. . ?8.60 -41.32 -41.24 -41.49 .08 -.908
78.90 -41.47 -41.39 -41,.5% .08 -.08
- 79.20 -40.91 -49.85 -49.97 .06 -.96
g ?9.%0 -42.93 -42.85 -43.01 .98 -.08
- : 79.80 -40.51 -40.42 -40.60 .89 -.089
. . 80.10 -39.11 -39.01 -39.22 .11 -1
80.40 -42.76 -42.64 -42.87 W11 -.11
88.70 -49.29 -40.19 -490.39 .10 -.10
. 81.00 -39.11 -39.03 -39.19 .08 -.a8
s 81.30 -39.98 -39.89 -48.07 .99 -.99
' g 81.69 -38.68 -38.60 -38,77 .09 -.99
K > 81.99 -36.97 -36.90 -37.04 .07 -.07
K w 82.20 -39.74 -39.66 -39.81 .08 -.08
L o 82,30 -42.13 -42.0S . ~42.22 .08 -.08
K X 82.80 -39.53 -39.47 -39.%9 .06 -.86
w 83.19 -37.89 -37.82 ~37.96 .e? -.a7
- 83.40 -39.73 -39.67 -39.80 .07 T o-.e?
N Z 83.7@ -41.54 -41.47 -41.60 .87 -.87
B 84.00 ~38.34 -38.23 -38.4% L1t - 11
‘s 3 84.30 -41,02 ~49.85% -41.19 17 -.17
2 84.60 -39.06 -38.88 -39.2% .19 -.19
Y 84.90 -39.89 -39.63 -39.96 .17 -.1?
¥ w 85.29 -39.35 -39.23 -39.47 .12 -.12
) > 85.%0 ~41.24 -41.1% -41.34 .18 -.09
(o] 8%.80 -40.05 -39.9% -40.15% .10 -.10
L] 86.10 -39.43 -39.37 ~-39.49 .06 -.086
B 86.40 -42.59 -42.33 -42.65 .96 -.06
< 86.70 -39.12 ~39.08 -39.19 .05 -.0%
N 87.20 -41.26 -41,29 -41.32 .06 -.96
, S 87.30 -49.09 -40.093 -40.15 .96 -.06
:, 3] 87.60 -38.97 ~-38.90 -39.04 .7 -.a7
s 5 87.99 -41.66 ~41.9%9 -41.72. .26 -.06
84 A 88.20 -38.67 -38.%1 -38.83 .16 -.16
o 88.%9 -42.76 -42.9%8 -42.93 .17 -.17
8 88.890 -37.85% -36.88 -37.22 .17 -.1?
N o 89.10 -41.00 -49.82 ~41.17 1?7 - 17
o w 89.40 -39.58 -39.42 -39.74 .16 -.16
:, 14 89.79 -39.67 -39.%2 -39.81 .18 -.15
) 99.00 -49,81 -40.66 -40.9% .15 -.15
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TABLE XIV

PRINTED OUTPUT OF INSERTION LOSS FOR 45 dB ATTENUATOR USING
SCHOTTKY DIODE DETECTOR

DEVICE UNDER TEST : 45 aB ATTENURTOR

PR N

L]
3: Frequency Insertion Max Ins Min Ins Max Unc Min Unc
o (GHz) «dB> <(dB)> C(dB> «dB. «dB>
4
. 50.00 -37.383 ~37.%% -38.0% ¥h -. 28
’) 60.30 ~37.79 ~37.65% -37.92 .13 -.13
60.88 -39.42 ~39.33 -39.51 .99 -.99 ‘
60.90 -41.00 ~4@.91 -41.09 .99 -.99
€ 6t.20 -49.20 ~40.04 -40.36 .16 -.16
Al 61.%0 -41.27 ~41.09 -41.4% .18 -.18
R 61.80 -39.82 ~39.71¢ -39.92 .11 -1
Jrd 62.10 -39.88 ~39.7? -39.99 .11 - 11
o 62.40 -38.03 -37.97 -38.18 .16 -.16
RO 62.70 -39.57 ~39.42 . -39.72 .15 -.15
> 63.00 -39.00 -38.86 -39.14 .14 - 14
63.30 -49.61 -49.43 -40.79 .18 -.18
' 6€3.60 -39.29 -39.16 -39.42 : .13 -.13
Z 6€3.90 -41.77 ~41.64 -41.91 .14 -.13
~: 64.20 -42.84 -42.72 -42.96 .12 -.12
N> 64.50 -42.59 -42.48 -42.70 .11 - 11
NZ 64.80 -39.51 -39.40 -39.62 .11 -.11
v 65.10 -41.11 -41.00 -41.23 .12 -.11
‘v 65.40 -42.73 -42.62 -42.84 L1t - 11
> 65.70 -43.59 -43.48 -43.69 .18 -.10
0 66.00 -39.76 -39.66 -39.86 .10 -.10
66.38 -39.08 -38.96 -39.20 .12 -.12
- 66.60 -40.64 -40.52 -40.76 L2 -~.12
4 66.9@ -42.27 -32.1% -42.38 .12 -.12
a 67.20 -45.16 -45.10 -45,21 .26 ~.06
o 7.%0 -42.68 -42.59 -42.78 .10 -.1@
3] 67.80 -42.27 -42.16 -42.37 .11 - 11
) 68.1@ -44.10 -34.00 -44,19 .18 -.10
fe] 68.49 -40.12 -40.03 -40.20 .29 ~. 99
o) 68.78 -40.24 -40.17 -42.31 .07 -.97
N 69.00 -44.08 -43.98 -44.19 L1 - 11
Sl 63.30 -43.°9 -43.78 -44.02 13 ~.13
! g 69.60 -43.33 -43.21 -43.44 W12 -2 ‘
! 63.90 -44,42 -44,29 -44,%5 .13 ~.13
N 79.20 -39.53 -3%.40 -39.66 .13 ~.13
A 70.5%0 -38.50 -38.42 -38.59% .88 -.98
: 70.88 -39.40 -29,31 -39.49 .89 -.39
i 71.10 -39.27 -39.20 -39.33 .07 ~-.0v .
71.40 -41.83 -~41.76 ~41.89 .06 ~. 85
' 71.70 -39.43 -39.33 -39,5%3 .10 -.10
3 72.00 -41.71 -41.56 -41.86 .15 ~.15
X 72.30 -41.0@3 -48.91 -41.1% .12 -.12
X 72.60 -49. 44 -49.37 -40.51 .7 -.87?
i 72.90 -43.16 -43,09 -43.23 .07 -.97
N 73.20 -42.30 -42.23 -42.38 .97 -.e7
' 73.59 -4%5.9% -45.88 -46.01 .e° -.0"
73.80 -a1.92 -41,86 -41.98 .08 -.06
74.12 -43.73 -43.67 -43.78 H -.0%
74,48 -41.41 -41,36 -a1,46 .05 -.0%
; 74.70 -43.19% -43,09 -43.21 .06 -.06
i} 7%.00 -41.82 -41.7% -41.90 .08 -.08
' ?%.30 -39.32 -39.22 -39.43 .10 -.10
7%.50 -41.48 -41,37 -41.54 .89 -.09
! 7%.90 -44.40 -44,33 -a4,45 .07 -.07
" ?6.20 -40.29 -40.22 -40.2% .08 -. 98
76.%0 -43.42 -43.2% -42.89 .07 -.ov
76.30 -42.30 -42.72 -42.88 .97 -.ov
8 77,18 -43.29 -43.22 -43,3% .26 -.96
h 7,40 -43.88 -43.80 -43.9% .07 -.0? ‘]
. ’7.r0 -41.21 -41.14 -e1.27 .87 -.07
‘ 78.00 -43.87 -43,60 -43.7% .e? -9
K
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